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viii PREFACE TO THE FIRST EDITION. 


as well as to furnish to those intending to qualify themselves for 
United States Navy, Revenue Service, Mercantile Marine, or 
take charge of the better class of stationary steam-engines, with a 
plain, practical treatise. In order to enhance its value to young} 
engineers, as well as those of limited education, none but the plaii 
language has been used. This has not been done for the purpose 
encouraging the engineer to dispense with the use of mathemat 
or discard theories, as all our great triumphs in mechanical scienoa| 
have been based on theories and demonstrated by practice. 
In the discussion of the different subjects brevity has been ad- 
hered to, because the spirit of the age demands it, even in the dis: 
cussion of the most important subjects. There can be no reasoa 
why the reader should be compelled to wade through chapters of 
matter to obtain information which may be condensed into a few 
terse and intelligent paragraphs, nor to deal with the dead 
when the living present is before him. The mathematical formula 
employed have been abbreviated, since it is immaterial how a pro 
lem is worked, providing the result is éorrect and susceptible 
easy explanation. Up to the present time, the knowledge to intelly 
gently apply the steam-engine indicator has been confined to a for} 
persons ‘in every country styling themselves experts. This partly 
arose from the fact that authors who have heretofore treated oa! 
this subject were men of literary ability and well versed in mathe 
matics, who found it more agreeable to elucidate their subject fs 
their own peculiar style than in any other. 

The writer's experience of over thirty-five years, and his asso. 

ciation with all classes of engineers, enable him to understand 
the kind of information most needed by the average engineer, Con 
sequently. he has undertaken the task of furnishing it, and how wall 
he has succeeded in the accomplishment of his object, he cheerfully 
leaves to the reader to decide. If it should appear that he has sue 
*ed in imparting useful and important information to the mem 
’ a profession to which he himself belongs, he will feel amply | 

d for his efforts. SB 
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the attractive forces prepondernte, the body will be ir 
state; if the forces are equal, in a liquid state; while if the 


The Unit of Force employed by American and E 
neers is the pound avoirdupois, 

Inertia is that property of matter by virtue of which it 4 
any attempt to change its condition, Thus if a body is , st 
force must be applied in order to set it in motion, Tf it js j 
tion, a force must be applied to bring it to rest. The heavi 
body the greater the force necessary to overcome its ines 

Motion.—Motion, in mechanics, is n change of place, 0 
that property inherent in matter by which it passes 
point of space to another. Absolute motion ia the 
change of place in a moving body, independent of a» 
motion whatever; in which general sense, however, it n 
under our observation. All those motions, which we consid 
absolute, are in fact only relative, being referred to the 
which is iteclf in motion, By absolute motion, th , 
must only understand that which is #0 with regard to sonal i 
point upon the earth, this being the sense in which it ie int 
by writers on this subject. Accelerated motion is that 
Continually receiving constant accessions of velocity. 
‘motion is the motion of a body as referred to a 

it revolves. Compound motion is that which is p 

) or more powers acting in different directions, 

| is that which is natural to bodies, or that which 

‘the action of gravity. Parallel Motions— Contrn 

kind aro required forthe conversion of rotary and alt 
motion into rectilineal motion, and the oo 


necessity there is of guiding the pathol agin 


has called forth more attention tothe 
Parallel motions than would o 












cause, would constitute perpetual motion. The 
‘perpetual motion has always been» celebrated. prob 
chanics, on which many ingenious, though in general. 

persons have spent their time; but all the Inbor besto 

has proved abortive. In fact, the impossibility of its” 

has been fully demonstrated from the known laws of mat 
speaking of perpetual motion, it is to be understood | 
among the forces by which motion may be produced, we at 
exelude not only air and water, but other natural agents, ashi 
atmospheric changes, ete. The only admissible agents 
inertin of matter, and its attractive forces, which may all be 
sidered of the same kind ae gravitation. It ie an adn 
ciple io philosophy, that action and reaetion are equal, 
when motion is communicated from one body to another, 
Joses justias mach as is gained by the second, But every mov 
body is continually retarded by two paseive forces—the 4 
ance of the air and friction. In order, therefore, that. 
may be continued without diminution, one of two things is 
sury—cithor that it bo maintained by an exterior force, (i 
case it would conse to he what we understand by a perpetua 
tion,) or thut the resisiance of the air and friction be: 
which is practically impossible, 

The motion cannot be perpetuated, till these retarding { 
are compensated, and they can only be compensated by an @3 
foree, as the force, communicated to any body, cannot be gr 
than the generating force, which is only sufficient to contin 
game quantity of motion, when there is no resistance, ‘The error, 
of confounding mere pressure with energy availabe Xo yrobye 
Power, ts dhe muin origin of the majority of wremps st yex 

and even sometimes causes, among, contased . 
Le 





























suvare root of 3230 i 
‘The velocity when it 





BM. Wf a indy) be allowed 16 fall, what distance will 
waved through at the end of the tenth second ? 


Tking 49 and substivuting, we have 4 =82210" 


reducing, h 2222-1660 feet. 


The following tble ix convenient for use in such problems: 


Jat 23 a iy Sah OO 
2 es ey ae 


Spy aa ae a 





t -weonnds 
v-velucity at end of f seconds=82.257 





£ seconds =" re ee a ad 


at the end sot tie fifth second is BAXB=¥ 
of ance passed over qn the chat went 










ity in the direction AB. Notice that 382 3, 





Mass,—The muss of a body in defined (toi bo ital 
‘pounds divided by the value of g at the place where it is 
This v3 
body, differs somewhat in value at different places on the 
surface owing to the fact that the carth is not a perfect spher 
As we go up a mountain g diminishes, because we are gottin 
farther uway from the earth and its pull on a body ix less The 
weight of a body measured by a spring balance also dim 
as we go away from the carth’s centre in just the eame p 
ag the value of g. ‘Therefore the quotient of woight-+g is aa 
stant, and it is this quotient which we agree to call the mass 
body, 
Rolation between Mass, Force, and Acceleration. —If 
‘of F pounds be applied to a mass M, the masa will be put 
tion and will be given an acceleration of @ feet per second. 
ia, in the form of the usual equation F= Ma. If we kno 
two of these three quantities, we can by simple arithmetic 
third. For example, What force must be applied to. eet 
ody at rest to give it in one second a velocity of 20 feet 
second. Recollecting that acceleration is the ehange in 
im one second, the value of a is 20. Weigh the body, and 
pose we find its weight to be 644 pounds. Tts mass Mf is th 
a mils _ G44 9. Substituting in the formula, we hi 
F=2» 20-40 pounds, the necessary force. 
Another example; Suppose w cart weighing 100 pound 
at a velocity of 20 feet per second by a Han on® 
and suppose that the curt is attached to te eye X 
ce. The needle ofthe valance wil\ vend a ea 



















| 


‘reat a velocity of 50 feet per second, it will aleo bring 
‘one eecond a body weighing 100 pounds which in 
velocity of 50 feet per second. The momentam of » moving b 
is therefore equal to the force which must be used to bring 
rest in one second. 

Energy or Work in mechanics involves two things—fo 
space. If only one be present, no work is done, For in 
‘a weight reating on a table is doiug no work, for while it e 
pressure or force on the table it does not move. If it be 
to full, say, for example, being attached to a cord pussing 01 
drum, it ean be made to do work. 

‘The unit of work among American and English engi 
the foot-pound—i. e,, the work done in raising one pound £ 
a distance of one foot. The same work would be done in 
2 pounds to a height of 6 inches or 12 pounds to 
inch. The number of foot-pounds of work done is, the 
equal to the force in pounds multiplied by the distance 
ayer which it is exerted. For example, a man lifts 1009p 
to a table 4 feet high. He does 400 foot-pounds of wor 

may lift it slowly or quickly—it makes no difference 
Amount of work done. “He may lift it up one foot and 
ei block, rest a while, then raise on to another bloek 
, and soon. ‘The number of foot-pounds of work p 
Phim remaing the aane, 
Die work which the man Vas done is stored up in 
Weight, and will remain there ti\\ the weight % W 
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less, of course, that which has been lost im overceming the 
of the air. 


Kinetic.—Rectilinear or rotary motion. 
Vibration, such ss sound. 
Wave-motions, such as light. 
Heat—molecular motion. 
Electric current flow. 

Source of Energy.—The rays of the sum are the primary’ 
of all energy which man employs They came the growth 
plants. which furnish food and fuel to man. Our vast esal 
posits, which now are drawn on to farnich most of the 
power. are only the energy of the san’s rays stored up in plants 
in byzone ages. It is the sun which now raises water from the 
sea-level to the mountaintop, thus giving it potential energy 
which ‘s used to turn water-wheels and made to do usefal work. 

Conservation of Energy.—The amount of emergy im the wai- 
verse -annot de changed by man. He can transmit it or change 
the form in which it appears, but he can in no wiae create it of 
destroy it. A bushel of coal has a certain number of foot-peunds 

7 red in it. This energy is chemical im form, consist- 
© attraction which the oxygen of the air has for the ar 
Lf the cual is burned, an exactly equal number 
liberated in the form of heat. If burned ins 
chemical energy of the coal is changed into 
of heat: this is used in raising the tenperntare 
and pressi> of steam, and the contined steam has an equal mum 
ounds less what escaped as heat up the bother-steck. 
















up 4 pare 0 its potential energy to the piston, the wah wagon, 
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point of application of the resultant force may be found a 
follows: : 

Let AB and CD represent the two parallel forces of 4 and 
8 pounds respectively. Continue C'D to E, making distance 
DE-~ AB, make A G equal to CD and draw EG, Then Fis 
the point of application of the resultant of the two forces, and 


the value of this resultant would be 7 pounds, The distance AF 
is to FD as 3 is to 4. A force of 7 pounds upward applied st F 
would just balance the two forces A Band CD. 

Moment, or Statical Moment.—In order to handle easily the 
subject of levers and tendency to rotation it is best to treat them 
by means of moments so called. The moment of a force -about# 
point is equal to the intensity of the force in pounds multiplied 
by the length of the line drawn perpendicularly from the point to 
the line of direction of the force. Thus in the figure the momeat 
of the force A B about the point F is 4x3=12, and the moment 
of the force CD about the point F is 3x4 =12. 

Tf a rod A D having a weight of 4 pounds at A and 8 pounds 
at B were supported on a knife-edge at F, it would just balance. 
The downward force of 7 pounds acting at F is just balanced by 

the upward reaction of the knife-edge. 
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power hy its distance from the fulcrum is equal to 
weight si st by its distance from the sume point. 
another statement of the principle of moments. Make the mo 
of the one force about the fulerum equal to the moment a 
other force, and solve for the quantity which is unkuown, 

Bxanplex—If' with a crowbar pivoted on a stone we ure 
to mise up a large stone weighing, say, 1000 pounds, Fro 
point of the crowbar to the pivot or fulerum is 1 foot. Fro 
foleram to where the handle is grasped is, say, 4 feet. W 
force must be exerted to lift up the stone? Cull this fore 
for shortness. ‘Tuking moments about the fulerum, we 
fx4=1000%1, or 4f=1000 pounds, ‘Therefore, dividing b 
sides of our equation by 4, we have f the force to be exerted i 
250 pounds, If, instead of 1 foot, the distance from point to 
erum were 1 inch, the force f would be only one-twelfth of 
pounds, or 20 pounds 13 ounces and n trifle over. By the aid) 
Ievers enormous weights cin thus be moved by the application 
comparatively small forces, No power is gained, for whilé ithe 
foree to be applied in the second case is 12 times as small, th 
hand applying it moves through a distance 12 times as great 
in the first case. 

The Wheel and Axle,—The wheel and axle may be conside 
as a perpetual lever, from the constant renewal of the pointé éf) 
suspension and resistance. The fulcrum is the centre of the axis, 
the longer arm is the radius of the wheel, and the shorter arm ti 
radius of the axis, As the diameters of different cireles b 
same proportion to each other that their respective circumference 
do, the power is also to the weight as the diameter of the wheel 
to the diameter of the axle. If one wheel move another of eq 
circumferenee, no power will be gained, as they will both mon 
‘equally fast, But if one wheel move another of different diank 

- eter, whether larger or smaller, the velocities with which th 
‘move will be inversely as their diameters, circumferences, or nU 
er of tecth. 

The Inclined Plane in its action of » svwal\ torer ha 
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whit 13 4 larpe scum: weighing. sew. WARP pound F 
crrwhar an Zhe yiere a fialcvemn ie 1 feet. F 
Where the handle Se geamped in, amy, 4 feet. 
mus be exerand an Efi op the stme? Coll this 


















eomcion ts 4 we tawe 7 the farce te be ex 
pounds, “Ef inwead of 1 five thee Gememoe fram pois 
un were 2 ins ci fiers  wueld be only eme-cuclith 
Twnmds. ve St pommds 2F romres amd a are over. Boy thi 
+o eens wricine car thos he mreed br the applic 
minors snl feres Sr ewer i guieed, fier 
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ip kinds, fired and movable. 
pulley turns only upon it 
if the applied foreo is d 
Ip weight is lifted through tl 
tance through which the 4 
applied, There is no mechanical advantage in this 
merely serving to reverse the direction of a force. 
‘The movable pulley tirns on its axis and also rises 
‘The figure shows such a pulley in combination with 
‘The advantage gained by a movable pulley 
cin best be seen by considering it from the — 
standpoint of work done, Assume that there 
ix no loss in friction of bearings and stiffuess 
of rope, and recollect that the fixed pulley 
haz no effect except to change the direction 
of the applied force, We may then consider 
that one end of the rope is fixed and w force 
of F pounds is applied nt the other end, and 
that this force is pulling upward and trying 
to raise the weight W pounds. What is the 
relation between the values of J and W? “Suppose Fi 
enough so that the rope end moves two'foot. ‘The work d 
the force F ia 2 F footpounds. The weight W will evider 
raised only one-half of two feel, or one foot, and the worl 
W will be W<1, or W foot-pounds, These two amounts 0 
must be equal, since there is nssumed to be no Joss im 
therefore 2 P= W,or P=) W. That is, by the use ofone n 
Pulley we can raice a weight of 100 pounds by applying a 
40 pounds. It takes, however, just twice as long to ds th 


e the weight without using the pulley. 
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In the figure » force F is applied at the end of » lever. 
distance from the point of application of F to the centre of tha 
screw is r inches. Suppose Fis applied through one revolution { 
of the screw raising a weight W attached to ite end a distance P ! 
inches equal to the pitch of the screw. 

The force F does work to the amount of 2x3.1416xrrx F, for | 





2x3%3.1416x7r is the distance through which F acts. Work i 
done on the weight W to an amount Wx P. { 


WP 
Therefore 2x3.1416r F-WP, or F=eoes5— 


Example.—What force must be applied at the end of the lever 
of «a jackscrew to raise a weight of 2000 pounds, if the lever arm 
is 2 feet and the pitch of the screw 4 inch. 


2000 x4 
P= §3832<2% 19 ~ 9-88 pounds 


6. 

Example.—If a force of 10 pounds be applied at the end of the 
lever, what weight will it lift? i 

7 S288DEF 828902412 *10 | 5016 pounds, ' 

Example.—tIf the lever be 4 feet long, what will be the weight 
lifted? Ans. By doubling the length of lever the same force of 
10 pounds, applied at its end, will lift double the weight, or 6082 
pounds. 

If the screw be applied against a toothed wheel as in a winch, 
we have a combined screw, lever, and axle. To get the relation 
between force and weight we calculate separately for the wheel 
and axle the value of W, and substitute this value in the equation 
for the screw above. 








Note that P and r must both be in inches or feet. 
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ANIMAL POWER. 


Work of = Man against Known Kosistances, (Rankise) 





‘Biod of Excrtion, 
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PLANATION.—R, resistance: V, effective velovlky 
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Shafting, which was formerly made of wrought iron, is 
largely made of steel. It must be Iurge enough to 
desired power without being twisted too much, and it must al 
be large enough to stand the pull of belts, its own weighb, 
the weight of pulleys, without being deflected or bont enough 
cause trouble. The hangers or shaft supports should, of 
be placed as close as possible to the pulleys, and should be, 
general, for light shafting not over 8 feet apart. 

‘The following two formulz will give the necessary sizes of shy 
and allowable distance of hangers for cither rolled iron or eted 









shafting. i 
Let #= number of revolutions per minute, HP. =number 
horse-power to be transmitted, d—diameter of shaft, and L = dit 

tance in fect between the hangers; then 





or HP.-@R, 
70 | 





L=Va0e, or nV ZF 


‘These formule are short methods of expressing the following 
rules: : 

To find the diameter of a shaft to transmit a certain hors) 
power at a certain speed, multiply the horse-power by 70 and) 
diyide by the number of revolutions per minute and find the cube 
root of the quotient ; or 

To find the horse-power which a certain shaft will transmit at) 
a given speed, multiply the cube of the diameter by the revo 
lutions per minute and divide by 70. 

To find the allowable distance between hangers, multiply the, 
square of the diameter by 140 and find in the tables the eube roat) 


of the product, 
The first formula gives the size of shaft to transmit set 
aumber of horse-power at a certain speed. “Te second or 

Zirmula tells how near together the hangers wost We Lor Wi 
(chat. IF it is not possible to put the hangers s nese WY 


= | 
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A leather belt, if made of good stock, not overstrained and 
properly treated, will last for twenty years, When partly worn 
out, it may be cut up and used over again for a narrower or 
shorter belt ; and when entirely unfit for the transmission of powér, 
it may be used for different purposes around a factory; but when 
rubber belts are worn out, they are of no value whatever. 

Belts derive their power to transmit motion from the friction 
between the surface of the belt and the pulley, and from nothing 
else, and are governed by the same laws as in friction between flat 
surfaces. ‘The friction increases regularly with the pressure. ‘The 
great difference often observed in the friction of belts is due simply 
to their elasticity of surface; that is, tha more elastic the surface | 
the greater the friction. \ 

In taking power from any source of mdtion, there are two points 
which control us; all the others we can control and modify tos. 
certain extent. Ordinary belts will sustain safely a worki 
sion of 45 lbs. per inch in width; the rule to determine the 
of belt and size of pulley required to transmit a given horsey 

- is easily found. Since a horse-power is 33,000 pounds raised one 
foot high per minute, we must adjust the width and velocity af j 
belts so as to effect the required result. Thus, if the belt moves! 
with a velocity of 733 feet per minute, a belt five inches wide. 
will transmit five horse-power, provided the effective tension ia a 
Ibs. per inch. If the velocity be increased to 1466 feet per min * 
ute, the same belt with the same tension will transmit ten horsey 
power. So that a five-inch belt, applied to a five-foot pulley 
ing 120 revolutions per minute, would transmit ten horse- 
when the effective tension is 225 pounds, 

By taking the actual effective tension of the belt, and multi 
ing it by the actual velocity, we get what may be called the i 
dicated horse-power of the belt, which corresponds to the indi 
horse-power of the engine. And, finally, by measuring the & 
ua) power transmitted — which may be done by means of a¢ 

amometer —we can get the actual power transmitted, R 

ased upon the amount of belt surface in contact widh Soe ye 
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poor economy; as, in order that it may perform th 

it is neceseary frequently to take it up, as a reauilt of 
weak points succumb to the atrain, and it is torn asunder; © 
not, the shatt is likely to be drawn out of line, or the bearing o 
heated, 

{n using a new bolt a fow days, if it presont a mottled ap 
ance on the gide next to the pulleys, it may be set down that 
not furnishing the fall capacity of its power, The spots 7 
to indicate that certain portions of the belt do not touch | 
pulley, and that its entire transmitting power is not utilized. 
the face of the pulley is true, and the belt ia as nearly 
possible, the defect may be remedied by the judicious applic 
of rendered tallow and fish oil, two parts of tallow to one of 
melted and allowed to cool. A new belt should be brine 





are better than too liberal oili 

If a belt, of the proper size for the work it has todo, slip 
pulley, it is caused by the centrifugal force, which tends to 

outward; 9 corresponding degree of tension will check Uh 
defect, 4 
Belts should be put on by a person acquainted with their ust 
as the wear of the belt depends considerably on the m 
which it is put on; therefore, the following suggestions, if 
tised, will be of much service to persons employed in this 
ity, The ends to be joined should be cut perfectly aqu 
order that one side may not be drawn tighter than the 
Good lace-leather, if properly used, will give better sati 
than any patent fastening. 

Whore belts run vertically, they should always be drawn 
ately tight, or the weight of the belt will not allow it to 
closely to the lower pulley; but in all other cases they 
slack. In many inetances, the tearing out of lnce-holes is 

xtiributed to poor belting; when, in reality, tho faultdies in 
4 belt too short, and trying to force i together Wy Wacing, 






























- 
Length of Belt_—To find the length of bel 
neet Lwo pulleys, of course the simplest and most. 
is to meagure it. If, however, it ia necessary to aecert b 
the pulleys are in place, the following rules may be applied: 
Belt —Aadd together the diameters of the two pulle 
multiply the sum by 3.1416; to half the product thus o 
‘add twiee the distance between centres of shafts, Lf the pu 
are of the same diameter, or nearly so, the result obtained by 
role will be accurate, otherwise it will be slightly too small. 
Crossed Belt-—Divide the sum of the diameters of the two pul 
loys by twice the distance between centres and to the q 08 
obtained add 1.571. Multiply this sum by the sum of the d 
eters of the two pulleys, and to the product add twice the dist 
between centres. The result will very closely agree with the bi 
Tength required, the result being the more accurate the greater the 
distance between centres. a 
Example—18" pulley and 12” pulley, 20 feet between 


Open belt = E221) B41 | 9. 99 4941" 








Crossed belt (142 1.671) 2.5404 1" 


To calculate the width of belt to transmit a given hor 
there are various rales which give results differing 60 
from each other. This is because different writers are not 
as to the safe allowable strain to put on a belt, nor as to the rele 
tive value of double and single belts, ‘The faster the belt runs 
more power it will transmit at a certain degree of tightness, 80 
a Zinch belt, with a speed of 2000 feet per minute, will 
sufély twice the power tht it will at 1000 feet per 

Allowance must be made for special cases, such. 
exoeaed, vertical belte, and belts ig from very. 

small pulleys. 

The following tubles give the syeei im Sed yer 
wurous sized pulleys and rotary speods, ‘Ye svSwary S 
Pr belts axe between 2000 and 5000 fect yet WENN: 
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Velocity in Feet per Secoud Bete wire: or of 








Revolutions por Mioute of Whestor Pulley. 














220 | 230 | 240 950 | 260 300 
v | cae 
1 gas} 1.9035 12090 
3 | (uss)i.ov00| 20071 Bray 
% | 27a |a7s| gow Saz70 
4 | Teesa|sukao7 | aia S280 
6 | cans! s.7007| 5.017880 5080 
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A.2” belt will transmit twice as much power as a 1" bel 
both are run at the same speed. Therefore, when we have 
what power 2 1” belt will transmit at varions speeds, we c 
the power transmitted by any other width by multiplication, 

The following table gives such valuca for single and 







belts of tho Bex! quality, when the belt is open and horizontal, 


Fowes Travemittep py T’’ Sine.e anp Dovsne Bears 4 
Various Srexps, 























WP 
a | etn) nec 
4665 | 7 465 
4 833, 7-732 
s.coo | 8.000 
5.165 | 8.265 
S33 | 8 
$666 | 9.065 
5,833 9.332 
6.000 9.600, 
6.166 | 9 
6.333 | 10.232 
6.500 10.900 
6.666 | 10.665 
6.833 | bee 
7.000 | 11.200 
7.166 | 11.455 
7-333. | 117, 
7-55° pe 
7.066. | 12.265, 
7-783 | 12.452 
8.000 | 12,800 
8166 | 13.065 
2700 | 4.500 | 7.200 sooo | 8.333 | 13.332 








Evample—What horse-power will » 10” single open belt trans 

Mit, the driving pulley having 30" dwmeter avd walking BO WAS 
Yations per minute. From the table of Welt. syouds ¥e SuhY 
1 ia this ease is 40,57 » GV, or about 2A00 feel per we 
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case ix 78.54%00=4712 rev. per minute. At | 

single horizontal belt will transmit 7,78 HP. Therefore, 

mit 100 HP. we neod 100» by 7.78, or a 12" belt. But 

belt rans vertieal, we look up in the table of special eases and 

the number corresponding to this case to be 8, Divi 

.8, we get 15” as the width of a single belt, But a double 

will carry 1.5 times as much, so that we can use a double belt 

15+ 1.6, or 9” belt. 

Rule for finding the change required in the length of belt rdhen 

one of the pulleys on which i runa is changed for one of a 
#ize—Take three times the difference between the diameters of 
the pulleys and divide by 2. The result will be the lesgth of 
belt to cut ont or put in, 
How to measure a ooil of belting.—Add the diameter of the 
hole, in inches, to the outside diameter of the roll; multiply by 
the rmnber of coils in the roll; then multiply this by the decimal 
+1309, and the product will be the number of fect in the roll. Tp 
have the exact length, the average diameter must be used if the 
roll is not perfectly round, and fractional parts of an ineh mut 
not be omitted in the calculation. 

How to put on a belt—Never place a belt on the pulley ia 
motion ; always place it first on the loose pulley or the pulloy at | 
fest; then run it on the pulley in motion. If the belt is very 
heavy, and the pulleys run at a very high speed, it is advisable to 
¢lack on the speed of the engine; but when this ia impracticable 
‘or inconvenient, care must be taken to mount the belt ow the exact 
face, The person enguged in so doing must: have a fiem footing, 
and prevent his clothing from getting in contact either with the 
helt or pulley, Where the belt is heavy, and the location euch 
that it is impossible to get n solid footing and exert strength in 
running on the belt, it is best to stop the engine and mount thé 
belt on the pulley as far as possible, Then take a small rope, 

dowble it, slip one end through the arma and around te het awl 

vim of the pulley, and the other end through the Woy foxmet hy 

fe double of the rope; then stand on the Root 98 We SIRS 
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point and splicing it. ‘This method is shown clearly in 


The speeds anlar 
second, with perkupa them 


BPs sohtae macho xtety acat-bo. used, am a 
strength for rope driving will be tuken at about one-eighth of the 
safe Toad T when xt rest, or one-thirty-second of the breaking load 
= ee ciee ailey ethaoesalie’ alilveahle Sisciek-= aa 
ley tor each size rope, 
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‘one wheel will fit into the space of the other, and 
oylindehal surface will have disuppenred. Tt is, ho 
considered to © und is mulled the pitoh moyace. The dian 
of this cylinder as called the pitch diameter, The piteh of a 
whecl is the distance measured along this pitch circle or aurh 
from one gide of a tooth to the sume side of tho next toot 
piteh fs divided into two parts: the thickness, which is the 
the tooth, and the «pace, ‘The space ia a little wider than | 
tooth, and tho difference between the two is culled the, 
To cut geurs this difference is very small Indeed. Only 
the same pitch will work together, aud when they have the 
pitch the number of teeth is proportional to their diameter. 
Spur G are used to connect shafts which are 
each other. 
Bevel Gears are employed where the shafs are at an an} 
with Gach other. With bevel gears the pitch ie meaaured at | 
| larger end of the tooth. | 
Kinds of Teeth.—There are two forma in common uae, 
the eycloid and the invotute, the latter being employed whi 
number of teeth is small. ‘Two wheola to be geared together 
have not only the same pitch, but also the sare tooth form, 
Rule jor finding the diameter of tovthed wheels, —Multiply 
number of tecth by the number of thirty-seconds of an it 
tained in the piteh: the product will be the diameter in 
hundredths of an inch; or, multiply the number of teeth 
true pitch, and the product by -3184. These results give 
diameter between the pitch-line, on one side, and the same 
the other side, and not the entire diameter from point to 
ecth om opposite sides. It. must also be borne ia mind: that! 
results are only approximate diameters, since the wheel often 
from tho computed diameter in consequence of shrinkage and 
-eanses. 
Rule for finding the required number of teeth in @ pinion 
any given vedocity.—Multiply the velocity or number of re) 
the driver by its number of teeth or Ma Gaweder, wn 
























he guofient will be t 
efor finding the number of ree, aa oats 
the number of revolutions of driver ang phar = 
r of teeth of driver and drieen are qian — Moucigi? “ae 








-r of revolutions of driver by ite oumber of wach se ie 
er, and divide the product by the mumber of wech sr he 
er of the driven. 

for finding the number of reeehations of = trincr. when te 
ons of driven and teeth, or diameter of driacr and. trinen. ore 
-Multiply the number of teeth or the Eamevr of éz720 
evolutions, and divide the prodmet by the ammcer :f vera 
liameter of driver. 

for finding the number of rescbatioms of the bes. wer! x “00 
a train of spur-rchedls, all of which are ims line. xa wom 
2 another, when the rembutions of the fort whorl, cat “se 
of teeth, or thé diameter of the forst and lat are parm. — 
y the revolutions of first wheel by ite aumier “ yesn 
ieter, and divide the product by the namter of ta 
neter of the last wheel; the result ie ite comsor of reve 









Cut-off Clutch Couplings.—The arrangement for 
‘two sections of a shaft is shown plainly in the secon 











} 
} 
Another cut shows the friction Auten yey, awh, 


fever orm of clutch shifter, ‘The shitter wey Wes We Sys 
* & whee] and spur-gear or wheel and wormgeet 


te 
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pressure against which it is working ix greatest; and, therefi 
very heavy fly-wheels have to be used to store up the 
energy at the first part of the stroke and to give it out on 
part. To equalize more nearly the work at different parts of} 
stroke, the compression may be divided into two stages by using 
large cylinder for performing the first part, say, from atmoaphe 
to 30 pounds, and a smaller cylinder for finishing the compressit 

The compound air compressor is the name given to such | 
arrangement from its resemblance to the compound engine, 
addition to equalizing the strains on the machine, it also is mu 
more efficient—i. ¢., compresses 4 given amount of air with al 
amount of steam used in the steam-cylinder. For very high pre 
ures, as for 2000 pounds per aq, in., the compression is divided in 
three or oven four stages by using three or four air-cylindors ag 8 
ease may be, The steam end is alo made compound or triple # 
pansion to secure the greatest economy in the use of steam, | 
course, where two steam-cylinders are used they may cross 6} 
pound or tundom, and the same is true of the ait-cylinders. ‘1 
Rand Drill Co. use the cross compound, while the Norwalk 1 
Works Co. use the tandem arrangement. 

‘The cut shows a single steam-cylinder and a tandem compoat 
air compressor with names of the different parts of the machit 

The Intercooler.—When air is compressed its temporatt 
rises to au extent depending on the amount of compression it 
the original temperature at which the air was taken in, ‘Theft 
in temporature is chown in the following table: 

‘Temperature of nir before compression, 60° 90” 
‘Temperature of air compressed to 15 Ibs. 177° 212° 


« « “ 30." 956° 294° 
“ « “ 45." 317° Beg? 
« “ “ 60 “ 369° 417° 
« “ uw 7“ 416° 405% 


| « “ “ 90 455° 
| “ « “ 105 4g? 


507° 
By 
i all 
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‘This rise in temperature has two bad effects: it makos lubrication 
difficult, and it increases the power necessary to Compress & cer 
tain number of cubic feet of air per minute to a certain aumber 
of pounds pressure, To overcome this difficulty both cylinders are 
waterjackoted, which obviates it to some extent; but most of the 
cooling is done in the intercooler, which receives the nir from the 
first cylinder, This intercooler is a tank through which suns 
large coil of small pipe carrying cold water. ‘The heated eom- 
pressed air comes into contact with the extensive cooling surfnee 
of the pipes, and afier giving up its heat pusses on to the second 
cylinder. By thus cooling the air about 15 per cents lees power 
is needed for the compression, 10 per cent. approximately being 
saved by the intercooler, and the other 5 per cent, by the water= 
jackets of the two cylinders. 
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the figures given above by the percentages 
to get the capacity at difftrent heights. 


or? 


Regulation of pressure is obtained by cutting off the 
Mean to the steam-cylinder when the pressure gets too 
thus slowing down the engine to the slowest speed at which it will | 
paws the dend centres, and reversing the operation when the prow 
ure ix too low. To do this a balanced valve is placed in the steam 
supply-pipe, which valve is attached to a piston that works i 
1 little cylinder to which leads a pipe from the air-reservoir. A 
wmall safety-valve, which can be adjusted to blow at any preamun, 
ie placed in this pipe, so that when the pressure rises beyond this’ 
point it blows and lets air into the little air-cylinder, thus driving 
up the piston and closing the steam-valve. ‘The piston would be 
driven to the top of the cylinder, thus shutting off the steam 
wupply at once, were it not that a fine slot cut in the 
iw uncovered us the little piston rises, and thus lets out the aif, 
the engine having a part only of the steam shut off: If the pres: 
Mire in the air-roceiver rises etill higher, the little piston “rises 
nocordingly and the engine is still farther slowed down. If to” 
air is boing used from the reservoir, the main sufety-valve on the 
rowryoir, which ix sect a couple of pounds higher than the littlt 
presureregulating valye, will blow and relieve the pressure ol 
tho reservoir, 

Rosorvoirs or receivers are steel tanks of a strength su 
to stand tho pressures to be used, which are placed one neur 
otpresor and one near the point where the compressed air lsh 
be asd. ‘They are, or should be, provided with a man-hole 
cleaning and for drawing off any water that may collect ind 
| Thoy porforn eoveral important purposes, viz. : ' 

‘They may, flange enough, act to store power ; but usually, 6) 

with puenmutic locomotives, they are not made of suflic 
© store any considerable amount. The Gam weer 
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tities of air that will How through emall pipes, when the pressure 
is drawn down from a large main which furnishes a supply at con- 
stant pressure. Below we give such a table: 
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‘Copsrighted la tbe year 1, by The Norwalh Iran Works Co. 
‘VARIOUS PRESSURES AT TAR POINT OF ORLIVERY 
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Flow of Cormpressed Air Through Pipes. 
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UNIFORM PREASURR AT THE ERTRANCE OF THE PIPE EIGHTY POUNDS GAGE 
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the pressure to be used, and to get the best 

ment and experience are necessary. For amall and. 

Jations which are run usually at a pressure near 80 p 

where the distances are comparatively short, the following t 
taken from the catalogue of the Norwalk Iron Works Con 
will be found useful, In the first table (page 63) the figares 
first column, less 80, give the loss of pressure due to friction. T} 
With 2 1 inch pipe we can transmit 55.2 cubie feet per minute: 
tance of 100 feet with a loss of 2.2 pounds, a very moderate | 
Tf we should want to run 200 fret, the same pipe will give 
loge of about 4.4 pounds, which might be allowable for some ¢ 
while for others a larger pipe would be destrable. 

Air Motors are of various types, from the reciprocating rod 
drill to the rotary engine type used in the Paris aystem, 
hury steam engines can be used as air motors, and likewise 
steam-driven pumps. The quantity of air used per hi 
varies with the size of units, as does the water consumption 
steam engine, Moreover, this quantity can be very much 
if just before the compressed air goes into the motor it be 
to about 350° F., and the hot air used expansively. Wh 
heated the quantity of air used per horsepower hour 3 
engines of 4 horee-powor, with air at 80 pounds pressure, at 
800 cubic feet. For an 80 horse-power engine under sim 
conditions a test showed a consumption of 465 cubic feet 
hour. 


Efficiency of Compressed Air Systems.—There are lo 
the engine due to friction, losses in the compressor due to 
and heating, losses in the pipe line due to friction, losses fn 
te. and losses in the motor. The efficiency of the 
“Compressor may be taken at about 60 to 65 per cent., that of the 
pe Inid at from 95 to 98 per cent., and that of the motors ff 
80 per cent., depending on thesize. The combined effic 
aystom—that is, the horse-power token oat 
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At 11,000 volts we could 
cent, loss, or 100 horsepower 60,000 feet 
‘The size of generator is determined 
that used in calculating the size of the line. 
mated in horse-power, generators ace rated in kil 
One K. W. ~ 1000 watts or 1000 volt-ampares = 14 
Tf it i¢ desired to evlect a generator to furnieh © 
motor only of, say, 50 horse-power, the caleujation: 
~ 60 horsepower = 87) K. W., the power delivered at the p 
motor; 37.5 + phy (the efficiency) ~ 412K, W., the eh 
power delivered to the motor terminals Suppose we had a 
cent, 1oas on the line, then 418 + 98, = 43.78 K. W., th 
generator, The nearest commercial size to this would bi 
Efficiency of electric transmission depends largely 
size of unite employed. The efficiency of dynamos and 1 
the same sizes is practically the same, and approximate: 
given in the following table, ‘These efficiencies are the eo 
een namely power taken out of the machine * p 


‘The loss in the line may be made us small as désired by it 
ing the #izo of wire und hence the cost. On account of re; 
of pressure it rarely exceeds 10 per cent. except for very | 
tances, Tt will be seen that the efficiency of motors 
‘tors is considerably better than that of air compressors | 
motors. 


Lubricants, 


‘To understand the quantity of oil required for eteam-o 
slide-valves, and the reciprocating or revolving parts 
know what its objects are. The 
sing a Uhin Ali Wx 
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winu 
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nine ¢ 

Bui. 5b and 2 > 16. 
tinue. 

“Owing Wo tne difference in the size of drops the actnal quantity 
canuyt bt obtuined from these figures. 

On rinaller engines, from 50 10 73 horsepower, one-half pint of 
youd cylinder vil for 10 hours run ie generally considered good 
Av expert by watching his engine conetantly and carefully may 
diwinich thie considerably. A particalarly good example with 
which the authors are familiar is the case of an 11} x 14 Wood | 
bury engine running at 265 revolutions, which uses one pint of 

“ve bunt cylinder vil, costing $1.00 per gallon, in 200 hours, the 
ug about once in four minutes. It is not advisable to 
the vil consumption down too low, for unless the 
wautly watched the risk of serious damage far out- 
we of the possible saving in vil. 
iad the other parts of this engine u mastinn 








mL compound. A> auc Sf . 36, 145 revolutions per| 
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40 revoiuzions per minute, 1 drop in4 
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aid gmady fot vie; it then pusies above water line é inte 

apace f, wheer it arruenulates the use. It is drawn off a 

ittargh ante q, of tay be: conducted away by attaching 
worglug p- 

| hen aisbjerted to this process, is greatly benefited 

need of all arvall particles of yrit or dirt ; new oil is pul 

Th attached to the bottom of receiver a. Water-gng 

























than with ordinary cups, and this with vastly less labor; i 
plants saving the services of one or more men. 
Oil Separators. — Whenever the exhaust steam froma an 

ie naed for heating it is advisable to make use of a device it 
separating from the steam the oil coming from the cylinder, 
devioce aro called oi] separators, and the general principle upon 
which they are based is to give the steam a cireular motion 
Separator, «0 that by centrifugal force the oil will be thrown, 

walls of the separator and will afterward drop down 

sber, from which it may at any time be drawn off: 


















5 feet 3 inches, the rule is siar 
y the weight by the number of revo 


he: the surface of the blocks should be well 
cial canes, wl his brake is much used, the 
J: hallow aud a stream of cooling water is made to 
+h tur the purpose of carrying off the heat that is 
eb Ae J above, a spring balance may be en- 
Vie tet welts, Another device is to have the arm 
pation that tte outerend tends to go down instead of up, and 
pe bey eet at a Stitt’ s on the platform of a scales, 
1 by the sliding weight, In either of 
2s employed in the calculation. 
“wor required by vehicles, such as street or 
sey an arrangement 
zat each minute 
=> readings 
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‘What is a moment or statical moment? — 

When two forces are acting in opp r i 
pted body how can we tell in wht way the body will 

What are the three clases of levers? 

How does the wheel and axle differ from a. lerscl 

With a single pulley do we gain any force? « 

With a set of pulleys how is it that a large weight « 
raised by a small force? 

Give the rule for the guin in force by using a wedge, 

Wohat other mechanical element docs the serew resemble? — 

What are the principal methods of transmitting power? 

Why is shafting now made of steel instead of iron. 

In proportioning shatting what two requirements n 
‘iefiod ? 

Whiut are the advantages of belting over toothed gears 
transinission of power ? 

What sre the advantages and disadvantages of | 
over leather? 

What is a common rale for determining the width of | 
transmit a certain horse-power ? 

Why will a certain size belt, 30 feet long transmit m 
power than the same belt 20 feet long? 

Why do the rules of different authorities for the ealeulation 
Width of belis differ so much from one another? i. 

What advantage has rope driving over belt transmission? 

What arc the two general methods of using ropes? 

What is the pitch of u gear whedl? 

Define the thickness of a tooth, 

Define backlash. 

What aro spur gears, and for what used? 

How is pitch measured with bevel gears? 

Por whut are friction clutches used? 

On what general principle do they operate? 

What are the advantages of pneumatic transmi 

other methods? 
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‘What is the unit of work? 

What are the six mechanical elements? 

Give the rule for finding the diameter of a shaft to transmit 
certain number of horse-puwer at 8 certain speed. 

What is the objection to having belts run vertically ? 

What is the rule for determining the length of an open beltt 

What is the rule for a crossed belt? 

How would you meagure the length of a belt coiled up? 

When idlers are used in ropedriving what precautions should 
be taken in arranging them? 

At what speeds do the ropes ordinarily travel ? 

How would you find the diameter of a driven-pulley to run st4| 
certain speed, if you have given the diameter and number of 
revolutions of the driver? 

What is the rule for finding the number of revolutions of 
driven pinion when the number of revolutions of the driver i 
given and the number of teeth in each wheel? 

‘How is the pressure in a pneumatic transmission regulated? 

Give some figures showing the number of cubic feet of air used 
by air-motors for each horse-power-hour. 
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| For temperatures intermediate between the values 
| table proceed as follows: Suppose we want to know 
| perature Fubrenheit corresponds to 92° C. 

| From the tablo above, 90° C. corresponds to [94° B, 
«below, 2°. C. 56° F. 
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2. Semi-bituminous coal, having 70 10 60. per. 
8, Bitaminous, caking coal, with 50 to 60 
4, Cannel or long flaming coal, having 75 
carbon. 

5. Lignite or brown coal, having 50 to 75 per ceat. f 

‘Tho 2d and 3d are used most for steam couls. No. 1 

Hy in the Alleghi 
‘No. 4 in the Mississippi valley, No. 4 in 

and Indiana, and No. 5 in Colorado and Texas. 
Sizes and space oooupied by coal, per ton of 2240_ 







2.2 on. Mt. | Stove, 


The Value of Wood as Fue! Compared with Coal.— 
a half pounds of dry wood are equal to one pound (average 
of eoft coal, aud the fuel value of the same weight of diffi 
woods ia very nearly the same,—that is, a pound of hickory it 
worth no more for fuel than a pound of pine, 
bedry. If the value be measured by the weight, it is impo 
that the wood be dry, as each 10 per cent, of moisture 
in the wood will detract about 12 per cent. from its 
fuel. 

The weight of one cord of different woods (air-dried) 
follows: 










Hickory,or Hard Maple... we 
White Onl °. . . . 
Beech, Red Oak, and Black Oak =. 
Poplar, Chestnut, and Elm ir 
Pine. E 


The fuel value of wood, as aonapared ait calal ‘ie about #8 


td a 





fires in the hoiler furnace: Moreover, ix makes. 
fittle or oysmoke With all these 
of relative cost of coal and wil at different 





When distilled it gives off ut different temp 
products, eneh having distinctive properties. “| 
common are: 

Caiclane, abetting ie shi 


ie a 

taken roughly as about eight-tenths that of water. 

| Gaseous fuels possess many of the advantages: 
boiler furnaces, The principal ones a r 
luimindting gus, water gas, and producer gas, 
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ing this for r’ we have 





: cubic feet. 
The following table zir=s fie gravities and weights per 
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trnnples of portvot gages are Air, Oxygen, Hydrogen, and 
So wea sews eondition when they 
‘ 4 woteihe hquid thom which they are produced. 
wie inte chemical combination with 1 
Phetadtiyyay We whieh iW eats Tn a concrete 


tives iM the 








Ovnged Ws 











ratus. In this experiment tl i 
oxygen of the water with which the 


hydrogen obtained by using zine sc ahiganall 
using iron generally containing some carbon, — 


It is the lightest of all known substances, | rattles 
cubic foot only one-sixteenth that of 
Biel tcngn) aiid oneeeves-tréw reditnioascaaalan 
The flow of gases under pressure is taken up under 
of air, which acta like other gases in this respect. 


Air. 


The atmosphere is known to extend at least 45 miles. 
earth, Its aggregate weight haa been calculated at 
77,000,000,000 of tons, or equivalent to the weight of a 
of lead 60 miles in diameter, Hence, this enormous 
poses inceseantly upon the earth’s surface, and upon every” 
animate or inanimate, solid, liquid, or aériform. 100 
of air at the surface of the earth, when the barometer stam 
SAinches, and ata temperature of 60° Fah., weigh about 31. 
being thus about 815 times lighter than water, and 1 
lighter than mercury, The component. purts of the air are 
79 measures of nitrogen gas and 21 of oxygen; or, 
air consists of (by yolume) oxygen, 21 parts ; 

(by weight); oxygen, 77 parte; nitrogen, 23 parts. 

Now, since the air is possessed of weight, it must be 
that a cubic foot of air at the surface of the earth has 
the weight of all the air directly above it; and that, th 
higher i the Lighter wil be 








column of water 28.86 feat in height, it follows shat. 
uir, 30 inches of mercury, and 33.66 feet, of water tl 


and since the last two weigh respectively 14.7 pounds 

inch, « full column of air must weigh the same. A cubic 
water evaporated under a pressure of one atmosphere, or 1 
pounds per square inch, occupies a space of 1700 cubic feet. 


TABLE ae 


SHOWING THM WHIGHT oF THD ATMOSPHERE FER SQUARE 














ad Aumomee | ‘Buromoter | Atmosphere | Barometer | At 
geben” | Reaeax” | tithes |" Foams pete 








The Aneroid Barometor is « portable form and operates | 

un entirely different principle. In consists of a hollow eylinder | 

very short in Proportion to its diameter, and made of: 

metal corrugated in rings concentric with the aie of the eylinde, 

‘The air is exhausted from the inside of tho cylinder, and 

‘are therefore pressed toward each other by the pressure 

‘atmosphere. The greater this pressure the more the et 
| pressed together, and the motion produced by pressure 
Fund read by a noedlo working over = grads 
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<anun, Beesmse the hei 
.-o4 exactiy balances a 
7 wehes ir beight, and also s 
mospheres ment at follows that a column of 
winds on every» > 8e0f Water weigh the same | 
Ls 2 wvely 14.7 pounds per square ! 
Te. the same. A cubic foot of 
sce of one atmosphere, or 15 
+ space of 170% cubie feet. 







. generally, then. 
be 15 pounds; go th 









OF ALTITTLES ABOVE SEA: 






FHERD. PRESSURES, DEDU 
DEN EXPEDITIVS To THT 
SLE 
SEMERE PER SQUARE INCH CORRE 
Location SIUH1M OF THE BAROMETER, 


———_ \snumpiere Barometer] Atmosphere 
f 
! Altoona, Pa. . voutds, ' taches | Pounde 








i Cairo, Ill. . = ——— 
Cheyenne, Wy. Ter. 1426) 301 14°75 
Cincinnati, O. . 2 1431 30-2 14°80 
Cresson, Pa, : 7 14:36 303 14°85 

« 144 30-4 14:90 

. 46; 305 14-95 

Lake ham itain h. 3 1451 | 3806 15-00 
“Erie. 1456: 307 | 1505 

| Huron + 61 || 308 | 1540 
“~ Michigan, 3 1466 | 309 15:15 

“« Ontari 31° 15:19 





‘ 1470 | 





Louisville, Ky. 
Mt. Lincoln, Col. i hip 
Now Albany, In +» «portable form and operates upon 
1u consists of a hollow cylinder 
“s saameter. and made of very thin 
-tiy with the axis of the cylinder. 
noule af the eylinder, and its ends 
a other by the pressure of the 
yeu the more the ends are 
Sereiom ay Merluoed by pressure i wok 


The prossure > Sen son a gradusted dredar 


nhuve the surts : 

















Lonis, Mo, . 
Terre Thaute, Ina 
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al. While this f1 2 carmen 8 wre corse 
ara the atmuspher:: z> 

Measurement of Hegams x _—e 
uble the height ais: 
seing only necessars 


















tewling of Sept = iecom - 
‘arometer = arm 
amiuches, ares eet 
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Another method of tutag ae we 
mometer will te fyznd > 
Volume of Air at Varieus Teaperstures 
sir at 32°F. is heated at ovmntead growers. % 


‘different tempermtures as given im the wbie ut py- 122 WAVE 
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area of orifice in equare inches, multiply also by 1060, « 
divide by the absolute temperature. 
The flow of gases through pipes will be found tre 
the Transmission of Power by Compressed Air. 
TABLE 
SHOWING THE FORCE OF THE WIND IN POUNDS PEE Sqr 
DIFFERENT VELOCITIES, 
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gradually descend until it reaches x 
at this point the contraction will cease; and, 
acting on the bulb is far below this point, the 
ually ascend until it reaches 32° Fah, or freezing poit 
will aolidify, The point at which the liquid ‘commences to 
ig called its “ point of maximum density.” . 
One of the most curious phenomena connected with 
before and after freezing, way be demonstrated as follows: 
tull jar and fill it with water, say at 60° Fab.; at the top: 
jar fix aamall mercurial thermometer, and another one at 
Dottom ; then place the jar at rest, exposed tothe cold. The 
thermometer will bo observed to fall more rapidly than 
‘ono, until it reaches 392° Fah., when it will remain. ats 
‘The top thermometer will now fall, and continue to do so unti 
the water freezes; the bottom thermometer still 3 
Fah. These effects are easily explained: the partisan ee 
atthe top being exposed to the cold, decrease in temperature, 
becoming denser, and fall to the bottom, their places: being tak 
up by warmer particles, which in their tura undergo the 
chango, until the whole volume has completely circu 
attained a temperature of 89:2° Fah. The particles now, i 
of becomivg denser, actually expand, and so remain at the 
until a thin layer of ice is formed. This is exactly what take 
place in our lakes und ponds during every frost; the ciren 
il the whole mass attains the temperature of 
when it is gradually and finally arrested; a thin 1ay 
ice is then formed at the top, acting asa cloak to the 
which, remaining always ut 39°2° Fah, » preserves the i 
fishes from the nction of intense cold. 
Were it not for this fact, our Jakes and rivers would : 
freven at the bottom, and, as water is a bad conductor 
| they would in time be converted into a solid block of ice, 
would defy the hottest rays of a tropical sun toimelt, ' 
that such a wise provision of Nature 
excoption to a universal law, which 1% 96° 
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‘One cubic foot of water weighs 62) Ibe., and contains 74 U: 





4 
ne oublo foot of ice weighs 57 Ibs. 








Rule for finding the quantity of water whieh any square 


tangular box or tank is eapable of containing in cubic feet or | 
gallons.—Multiply the length of the side by the length eo 
and by the depth, all in inches. Divide this product by 
this quotient will be the number of cubic fect of water 1 
will contain. To find the number of U. 8. gallons, nult 
number of cubic feet by 7-5. i 
Rule for finding the cubical contents of a triangular ta 
tiply the length of the base of the triangle by half Its perp 
height and by the length of the tank, all in inches. 
prodact by 1728; this quotient will be the namber of cubic fect 
‘water the tank will contain. To find the number of U.S. 
multiply the number of cubic feet by 75. 
Rule for finding the contents of an elliptic or ovat tank in 
ations, —Multiply the long diameter in inehes 
ter in inches, this product by °7854, and this las 
it of the tank in inches; then divide by 1728, 
the contents of the tank in cubie 
gives the number of U. 8, gallons iw) 
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CHAPTER VIII. 






STEAM, 


Steam is an clastic fluid resulting from the combinatior 
with water, and, when the steam is oot in contact with t 
from which it is formed, it follows the same general Ia 
other gases. Thiy Inwis as follows: All gases expand hy ho: 
part of their volume for every degree Fah., while theit 
prosure remain unaltered, and go Jong us the teraperatt 
gas remains unaltered, its elastic pressure will vary iaye 
the volume. 7 
The temperature of the steam is alwaye equal to 
water from which it is formed, and the elastic 
formed is equal to the pressure under which @ 
elastic force of steam, barometer at 30°) ab 
mosphere, or 14°7 Ibs. per <q. inch; while at 
force is two atmospheres, or 29-4 Ibs. per ag 
the pressure of the atmosphere. 
If the meroury be ina vacuum, the pi 
temperature of 212° F; al equal 3 
due to a temperature of 250° Fah. i 
if tho mereury be exposed to a a 
260° Fah. will only equal 80 in 
Fah. there is no indication by @ 
vst balances the atmosphere, 
Saturated steam is the vap 
temperature and pressure, ands 
water, or, if wot in coutact, 





































Alt « given temperature it ab 
Superheated steam is pro 



















Tike test of the liquid oc Get eer et ey 
the wumier of test isu eguited 2 cane & fou BE* F 
fenejececeoe 

Thee total beat ac sey srqerutuce & the num of the, 
med Hot om Ligue. and othe somber of beat cuits 
fee water from SZ" F_ te the Svee oemgerscare and 
8 tty eee ot thet temperatare. 

The volume of steam oc relative velcme at any 
the member of cobie che which would be - 


ure is 1669; that ix, a given quantity of water, whea o 
jute steam, will occopy 1689 times that which the 
Oee cabic fet of steam, at atemapberic pressure, weig 
of s poand. ; 
‘The steam from salt water i: fresh, because no salt is carried) 
aay in the steam when evaporation from salt water 
and when the water is all evaporated, the original ealt wil 
fond in the vee! ol 
Bteam having an elastic force or presure pot exceed 
powods per square inch, is termed low-pressare steam, 4 
tach promures its use ix now taostly confined to heatingy 
prewures awd for power generation sre contingally! 


of 20 pounds and over being not umco 
a tince the upper limit of preseure 








THR TOPAL HEAT IN STRAM PEK POUND; THE 
THE MEAT OF THE WATER; THE RELATIVE VOLUME, AND 
ETEAM FER CUBIC FOOT, FOR VARIOUS PRESSURES 
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TABLE 


SNOWING THE STEAM PRESSURE IN POUNDS PER GAUGE 
PRESSURE IN POUNDS AND INCHES OF MERCURY; THE 
THE TOTAL HEAT IN STEAM PER POUND; THE LATENT 
THE HEAT OF THE WATER; THE RELATIVE VOLUME, 
STEAM PER CUBIC FUOT, FOR VARIOUS PRESSURES, 
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* 1180 unite nearly, while at 100 
tis only 1216 units, 

When the pressure of the 

"sure the following 











“8. —Mr, George H. Babcock, in “Steam,” 

thod and tables by which can be deter- 

suber of cubie feet per minute which can be 

‘rent sized pipes for a given loss in pressure, 

tne loss of pressure owing to friction in different 
rent rates of flow. 

.cam through Pipes.—The approximate weight of 

1 will flow one minute through any given pipe with 

or pressure may be found by the following formula: 


[Dip=pyt 


"8 a( 
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Jatent heat of vi 
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Horizontal Fire Tube Boller and Setting. 
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Tubular boilers have many advantages, They are 
acousible fur repairs and clewwing, strong and efficient, ‘The great | 
objection is that any defect or deterioration in the shell which is) 
not discovered in time may cause a serious explosion, which 
would wreck the entire boiler und possibly produce fatal results) 
to life and property. Many cases of this kind hnve been reeorded, 
and it is for this reason, mainly, that the water tube boiler ix 
growing in favor. 

‘Water Tube Boilers.—Of this class there are so many differ 
ent types in use at the present time that it is difficult to select one 
to represent the cutire class. Porhaps the most widely ueed, and) 
the one which will most nearly represent the entire class, is the 
Bubeoek & Wilcox, although there are many others which give 
equally good results. The annexed cut shows this type of boiler: 









Babcock & Wilcox Boller. 


It consists essentially of a series of wrought-iron or steel ubel 
suspended in un oblique position from steam and water drums by | 
means of vertical passages at the ends, whieh also serve to con 
uoot the tubes with each other. A wud drum connects the tube 
the rear and Jowest point of the Wiles, She ent ‘ 
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#0 that ifm tube gives way in one chamber the other 
Aire nut nffceted. 

|Mirtin's upright tubular boiler is sometimes used for marine 
fps Its only advantage 2 economy of space ; its first cost 
more than (hat of the ordinary horizoutal marine tabular boiler, 








Direct Fiué and Return Tubular Marine-Boller, 


i is not more efficient. The capncity of the steam-room is 
ttome-thind the capacity of the boiler. 
His type of boiler is now but rarely used, and, in fact, none of 
which have beon tried from time to time have proved 
Guperior fo the cylindrical return tubular type Xs. 


ne a 
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‘The ratio of heating surface to grate surface 

largely upon the quality of coal which is to be used. 
anthracite coal the practice, in stationary boilers, is to: 
ratio from 30 to 40 square feet heating surface to 1 squar 
grate surface. For bituminous coul the ratio is mach € 
especially where the quantity of coal to be consumed per squi 
foot of grate is large, In this case the ratio is sometimes as hi 
ax 60 to 1. There seems, however, to be a very considerable 
difference of opinion among engineers in this respect. While 
generally agree that, in proportioning marine boiler, 
example, there should be sufficient grate-surfaco to consume th 
maximum quantity of coal required for the engine for which 
boiler was intended to furnish steam, and that there should 
#nflicient heating surface to absorb the heat evolved by the fuel; 
yot, when it comes to laying down proportions, cne a 
allows twice as many square feet of heating surface to one 

foot of grate surface as another, Watt's proportions for land ar 
marine boilers varied from 9.5 to 10 feet of heating surf 
to 1 square foot of grate curface. Maudsley and Miller allo 
10 square feet of heating surface to 1 aquare foot of grate surf 
in the boilers of the celebrated ocean steamer Great Weat 
and from 10 to 12 square feet of heating surface to 1 square fb 
of grate wurface in other marine boilers that they constrae 
about the same time; so that neither they nor Watt seemed 
have any fixed rule, nor did there appear to be any an 
naval constructors either in this country or in England, 

‘This may be seen from the fact that the U.S. gun-bont: 


surface, while the Vixen, with the same-sized engine, had only 16tol, 
The merchant-steamer Constitution had 66 square fect of heating: 
surface to one equare foot of grate-surfice, while the Fran 
‘steamship of nearly the sane capacity, with engines of th 
, had only 28 to 1, The boilers of the celebrated f 
Celline Line, which have wade we ther Gre | 
and Liverpool, had 33 square feet. of Weatiny 
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maultipied ds 
_ Exemale.—Iz tm te exams Crem shove the joint is dc 
riveted, what wood be ime faxing peewure? 
are ees peund: per square inch. 
‘The recut of thie example dive: noc mean that the boiler 
Yat AO poumk: per squsre inch. To find the wor 
weal to ascume a tictor of safety, which mes 
hb the temile strength is divided before it is 
ma 
idhy weed in biber calculations Tien: 
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CHAPTER XL 


BOILERS: THEIR CARH AND MANAGHMENT. 
GENERAL INSTRUCTIONS, 


Water Level, 

On taking charge of un engine and boiler, first ascertain if 
there is sufficient water in the boiler, and then trace out the pip 
and connections between the engine, boiler, and purnpa. 

‘On first entering a boiler-room in the morning ascertain wl 
the water stands at the Hat evel or not. 


to the deran igement of 
other cause, stop the en, ine, cove 


ot st put into use, in order 
o r 


Weber a do not agree, nacertain the eaute and. 
ty. 
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liable to spring the seams and cause fresh 
of the boiler. - 


Scale Formation and Corrosion, 
The tendency in all boilers is toward the formation of an 
condueting scale or incrustation on their heating c 
lie between the iron and the water. It not only causes an 
creased consumption of coal, but allows the iron to become: 
tallized and burned, The evil effects of the scale are dae: f 
fact that it ix a non-conductor of heat, Its condu p 
compared with that of iron, is as 1 to 35.5, ‘Gnetieale 
fuel is required to heat water in an incrusted boiler than in| 
same boiler if clean. A scale s4 inch thick will require the om 
penditure of 15 per cent, more fuel; this n increases 
scale thickens, Thus, when it is ] inch thick, 60 per cont. n 
fuel is needed; } inch thick, 150 per cont, and go ony 
quently, to raise water ina boiler to any given temperature, th 
firesurfuce of the boiler must be heated to « temperature o 
sponding to the thickness of the scale. 
To raise steam to a pressure of ninety pounds, the water | 
be heated to about 820° Fab. To a clean boiler of 4 inch in 
this may be done by heating the external surface of the shell 
about 225°. If 4 inch of scale intervenes between the sh 
the water, such is its non-conducting power, that it will be 
sary to heat the fire-surface to about 700°, almost red heat. J 
the higher the temperature at which iron is kept; the more 1 
it oxidizes, and at any beat above 600° it very son bee 
nlar and brittle, and is liable to bulge, erack, or ¢ 
way to the internal pressure. This condition predisposes 
to explosious, and makes necessary expensive repairs, Ag 
rendily seen that the presence of scale renders slower and) 
difficult the raising, maintaining, and lowering of steam. 
The minerals which constitute tho basis of the ge 
forms in steam-boilers using fresh-water {vor well 
are sulphate of lime, phosphate of Yune, ents 












































tendency to injure the boiler, omg hes 

yuris most exposed to the fire. All the phen 

foaming huve uot yet been eatisfactorily explained; bu 

whatever cause it may arise, it is always attended wi 

amount of danger. Foaming is sometimes confounded 

ing, but they arise from different causes, and are productive o 

ferent results, Foaming is always made manifest by the 1 

agitation, tho rising and falling of the water in the gauge, a 

the muddy appearance of the water. Fi 

Foaming is induced in stationary boilers by a filthy 

particularly in those to which the feed-water is supplied 

‘open. heaters, in conseq we of the cil or tallow e1 d 
ler being carried over with the e 
Jocomo! 


cylin b 
by the piston striking the water against tho cylinder head & veh 
wud of the stroke. 
Priming ix generally induced by x want of wathaent 
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puppet valve is loaded down with weights adjusted to the d 
blow-off pressure, This type ia called the deadweight ) 
valye, and it has the advantage that it is a difficult matt 
tamper with it, us any appreciable reduction in its Joxding } 
be readily detected. On the other hand, it is bulky ar | 
and is now but little uaed, 

For stationary boilers, the type most commonly used eo) 
instend of a dead weight as described above, of a combiuati 
weight and lever, the adjustment being made by shiftin 











weight along the lever. ‘This type of sufoty valve is shown | 
above cut, where the blowing-off pressure is regulated by sh 
the weight along the lever. The method of adjusting the w 
ete., will be found under “ Rules” below, As already stated,! 
the type of valve commonly used for stationary boilers, For 
motive and marine boilers it is obvious, however, that the ja 
would make the weight impracticable, aud in such eases the, 
is hold down by a spring. 

‘The spring-pop safety valve is the type usod almost exelus 
for locomotive boilers. It is also largely used for marine; pon 
wud stationary boilers. A great many different’ makes o} 
typo are to bo had in the markot, and it ie difficult tony wht 

Ne best. As a represontative of this class of safety al 

‘erate the 

fiton Lock-up Pop Safety Va\ve—As | 


= 
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which the position of this plug H will be clear, Tt is 
with a check nut to hold it im position after the desired pop 
been obtained. The lock-ap arrangement is also clearly shown in 





Ashton Look-up Pop Safety Valve. 


this cut, and it will be seen that the padlock must. be removed 
before the regulating grew can be reached. The trip lever it 
movable, and may be readily changed to stand in any desited 


position. 
Rules, 


Rule for jincling the weight necessary to put on a safety-walve ken, 
the «rea of valve, pressure, ete. care known —Maltiply the 
"yalve by the pressure in pounds per equare inch; mullle 
‘Product by the distance of the valve frow Yaw Sakensey 
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shows the ceneve of the ewer peace cock and below the 

the wpper geoze mek, the betes Sut praecs epeard br 
of te berpsary. wide the ep feat pemees downward by res} 
of te weight aod the two vale to the wbietle remain che 





When, however, the water line passes the centres of cither | 
pper or lower gauge cocks, the reverse of the above takes pl} 
{And the valve is opened, viving the desired alarm. The be 
aber at the bottom is for the purpose of collecting! 
ia provided with « blow-off opening. The colt 
for standard fittings, so that any kind of water ga 
may be used. The annexed cut shows @ m0} 

cock which may be used where the water lerd 
the cocks could not be conveniently eRe 
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full. The cold water is supplied 


pipe connected by «.globe-valvet 
pipe or valve below the water-lin 
plying cold water, and led to th 
nometer, If it should be desir 
place the salinometer aboye th 
side water-level, the cold water ¢ 
supplied by some of the pumps. 
In erecting these salinometers 
may be secured to the boilers or 
head, but when there are two or 
hoilers, a very neat and cony 
arrangement. may be made by: 
them close together on a plain em 
plate factened down with tap-bolt 
with the pipe for the cold water 
Just above them, with a T cor 
and branch to cach one, the plate 
secured with tap-bolts in any o¢ 
ient place in the engine-roor 
salinometer inay be atiached to 
boiler, and all of them supplies 
cold water from the same pipe, ) 
may be connected with two or 
boilers. | 
It is preferable to have on 
nected with each boiler, ag in tht 
the density of the water may | 
served in any boiler ind 
tho others, "To put Ane gals 
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will bo formed in C, and the unbalanced pressure 


of the piston, NN, will move the 





‘a knob on the end being provided for the purpose. 
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SHOWING STEAM-PRESURE REQUIRED TO LIFT AND DELIVER WATE! 
SELLNKS FIXED NOZZLE LUTING INVECTOR, 
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aor Wa- | one mequimep 
TER LIPTRD. | TOLIETANDDE- 
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Feet, Inches. | Lbs. Tn. 
on | Fast 
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Sellers’ Non-Adjusting Fixed-Nozzle Injector with Lift 

Attachment, for Stationary Boilers, 

The cut on page 259 represents Sellers’ No jjustal 

jector with fixed-nozzle and lifting attachment. As will bes 

served, a steam-ejector or siphon is attached to the side 

instrument, which draws the water, when lifted by the admit 

ef tho steam, through the combiniug-tube, and di if 

the orifice of the lifting attachtwent, tutougs Whe 
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escapes This injector has a check- 

d toit, also steam stop-vilve, whieh can be opened 

alf a revolution of the lever on the stem. Tn connecting 
‘or, #ince it hae fixed nozzle, a water-eupply valve must 


he steam-valve 
pened slightly 
a jet is eatab- 
when the full 
essure is to be 
(,and the valve 
its steam to the 
i is to be 
Hittle dexterity Section of Sellers’ Non-Adjustable Pized- 
‘ed to start the Noszle Lifting Injector: 

for a Maximum lift, but the manipulation is readily ne- 
all ordinary lifts no special care ia requive., Ae 
in escaping from an orifice wares gxeaths WS 


7 | 


AnJUETING, 1875, DVHOTOR No. 6; TRMPRRATURE OF 
WANTEN ; FIUSSURE AGAINST WICH INJMCEOR DELIVEUS WATE 
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vary. 
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W | 75:3] 636 | 0-845 
2% | ges) 61-2 | 0748 
30 | 942) 56:5 O00 
40 | 100-1 | 60-0 | 598 
6/1083) G47 | 0507 
60 | 1165 | 63:6 | o-546 
7 | 1248| 63-6 | 0510 
80 | 138-0! 67-1 | 0505 
80 | 1413 | 60-5 | o-do2 | 
100 | 147-2 | 64°7 | 0'456 | 
10 | 15340) 671 | O-430 | 
120 | 156-6 | 78°0 | 0°466 | 
180 | 161-2 | 74-2 | 0-460 | 
10 | 106-0 | 78-9) 0474 | 
160 | 1 10°8| O-414 


Tho table of capacities shows the maximum delivery, but! 
| fajector can be regulated £0 as to reduce the wmownv as 
Cenk 



















receive water under pressure, or i i ae 
boiler. Moreover, 


pressure, and also when: lifting to » height 
with ordinary steam pressures, the amount of water 
being regulated by a valve contained in the injector or ’ 
adjustment of both the water-valve and steam-plug, as may te 
preferred. If the supply of water is too much redueed, steum wi 
eseape st the overfluw, Dut the jet will not break. 
When required to lift, the injector, at say 60 pounds steam 
pressuro, will the feod water 23 feet. As a non-lifter it will 
twke water nt 157° Fahr. with the oyerflow-valve open, and af 
150° Pabr. with the overflow closed. By reference to the see 
tional view it will be scen that the instrument is quite simple it 
ite construction, notwithstanding its applicability to varied 
ditions of service: A is the body or case of the injector 5 Bis 
steam connection leading from the sveam-space in the boiler; 6 
the water-supply connection, in which is situated the water-regu 
lating valve R; D ie the water delivery connection, containing a) 
cheek-vulve, and leidinig to the boiler. ‘The overflow-valve N may 
be shifted to either side of the injector body and turned radially, 
20 that the injector may be placed in any position that will per 
mit it to diwharge the ove vertically downward 
dmportant and exocedin; re ot he: 
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‘other solids tliat may be it 


it is important to place then 
ity fs reduced and the prompt- 
lity of their action diminished as the height of lift is 


“The Ejector or Lifter. 
nexed out represents the vjector or lifter, which is prac~ 
e lifter ea ‘the inapirator,* with a reduced steam-jet 
d lifter combining-tube. It is suitable for breweries, 
“bleucheries, ete; for trams — steay 
omy water, lye, acid, 











cind at a low lift, with a 





ay for which these hitra= 
fe as either of them. It 
ood puxpose when collars 
ooded in consoquence of heavy 
chigh tides, or overflowing of 
and requires no very intelligent 
oot, Its action ix based on the 
aeiple ax that of the injector, 
(ore ‘simple, ‘as it has no adjust- 
tovable parts. 
ior tasting tho ejector. — 
(essary to start the ejector is te 
the steam, after which it will 
as the watereupply and 
‘continue ; and it isimma- 
‘Tift it is started on, as the 
‘may be gradually reducod — S¥°T% 
i the nine given by John Hancock of Boda Wo Ws 
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ribbed baffle plate placed between the steam inlet and a 
‘The sides of the separator converge toward the centre and dead 
the reservoir, the mouth of which is protected, #0 UJ i 
steam will not again pick up the separated 
descent or after reaching the well, The apparatus isi 
that the area of the steam passage through it, greatly e9 

izing the loss in | 


Steam traps are used wherever it is necessary to carry off con- 
densed steam without allowing any of the eteam itself to escape 
with it, ‘There ie hardly a stenm plant in existence which does 
nol contain one or more steam traps for collecting and discharging 
the condensition in the steam pipes, separators, 
safely be said that tho steam trap is one of the most important of 
the accessory devices in & modern steam plant. The cnumber of 
different types of traps which the nnarket otasue 


illustrate, in a general way, im the desired 
The McDaniel trap is one af the sIdest and mos wit 


#3 fn the bottom 
§ it ucts upon 














Morrison's Suspension urnaan, 


‘this type of fornsce over Wan “ 







the strength is to be caleulate 
the abore rule, bat the leng 
taken as the distance betweet 
stiffening rings. Galloway } 
(se Galloway Boiler, p. 162) 
also been employed to inereat 
strength of dues. The moat 
cessful plan, however, is tha 
vised by Mr. Samson 

Leeds, England, which ¢o 
of corrugating the flue, aa ¢ 
in the perspective and sect 
views of Morrison's suspe 
farnace. This plan of coreug 
tho farnaces and fines ia ne 
most universally used with | 
nally fired boiler. Best 
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grate bare depends entirely 
is to be barned. ‘The air space 


‘Obtnse Angle. 


° 
be Hiss ars chould bo subdivided na much us possible, 0 
(very part of the fire will receive its proper supply of air. 
lituminous coal the spaces between the bars should be 4-8 
‘but for anthracite, especially the finer grades, it should be 
ver finch. OF course, the emaller the spaces between the 
the greater will be the resistance to the pnssage of nir, and 





‘The Improved Keystone Grate. 


Anthracite fuel it is frequently necessary to use forced 

tin order to make the combustion sufficiently rapid. ‘The 

‘of the top of the grates from the ashpit varies from 24 
inches. 


aking grates, and crushing, dumping, rocking, water cireu- 
ft rotating grates, etc., are names given to various designs of 
intondod to Yacilitato the operations of firing. There are 
types, differing to some extent in their mode of operation, 
description of one will suffice to illustrate what they are 
led to accomplish. MeClaye's grute is intended to shake 
clinkers from soft-coal fires and fina aaker from 

ied bis, by means of two levers placed on the outaie, 
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feed-water heater would be piped with a spate b 
and water, 

In what respect does a eylinder, subjected to p 
without, differ from one where the pressure acts from 

What do the experiments of Fairbairn prove in 
‘etrength of boiler flues? 

Describe the different methods which are employed to st 
boiler ues. 

What pressure would cause a boiler flue 3 fect in diameter 
feet long, and } inch thick, to collupse if it were strength 
a tee in the middle? 

How ure the furnaces of internally fired boilers usu 
Make a sketch showing how they are supported, 

What determines the shape of grate bars and the 
Spaces betwean them ? 

Why are grate bars often set at an angle instend of hori 

Tn what respect does a grate intended to burn biturin 
differ from one intended for fine anthracite? 

Explain the object of using shaking grates, 

What are the advantages to be derived from the use of 
chanical stokers? 

What are the advantages to be derived from using coal di 
fuel? 

What are the advantages to be derived from using oil as fuel 

Explain the causes which produce draught. 

What is the best shape to give a chimney? 

What are the causes which interfere with the satisfacto: 

imneys? 
the theory which underlies the proportioning 














in this claim, because one of | 
tho cooling of the cylinder | 
and re-evaporation is greatly 
wimitting meaty hy the same chumnels through w 

is clearly demonstrated in the increased economy of | 
type of engine, where this ia not the caso, ine 

Aa far a8 re-evaporation is concerned, it is of course 
that the cylindor walls are chilled very considerably du) 
Process, and the more steam ‘is passed through the eng 
given space of time the less will be pete | 
the increased economy of the hij engine. 

Finally —Tr is a fact that the uniformity yee 
running are much better in highspeed engines than 
spood engines. This is due partly to the fact that thei 
of the fly-wheel is greatly enhunced and partly to the # 
influence of the reciprocating parts. Tt is’ well-known) 
the eteadying action of w fly-wheel is proportional to th 
of its speed, which means that if one engine runs twice + 
another of the same design and same weight ha Syrhs 
run four times us stendy- 

‘The influence of the reciprocating parts on the runnj 
ongine, in order to be thoroughly understood, requires 
more consideration, In 4 steam engine revolving with a 
velocity all the parts which move to and fro—the 
parts—come to rest at the begiuning and end of ‘enel 














The reciprocating parts consist of the 4 
piston, 1a 
piston rod, — 
cross head, and — 
connecting rod. om 

fl 


When the stroke is reversed they are gradually set in 
sfowly ot first, and faster until the widdle of Ye eked 
they are moving with the eame velocity x the erankey 
| 


= 








fect vacuum, must be deducted ; 
uttainable, the back pressure vari from’ 8/40. 
ing to the condition of the engine and the: 
denged steam remaining in the condenser, 
Advantages of the Condensing over the Non-condensir 
gine. —W hen the resistance of the atmosphere is removed | 
piston thé steam may be cut off earlier and further 
the cylinder. ‘This reduces the draught on the | 
‘of « slower combustion of the fuel, In this way economy 
moted by condensution of the exhinst steam and by the vi 
formed in’ the cylinder. A’ vacuum: equal to 14 
roughly 35 per cent, saving in fuel, or the same iner 
but this saving undergoes a great reduction in consequence 
cylinder being open alternately to the lower temperature in 
condeneer, which varies with the degree of expansion emy 
being least when the steam follows full stroke, which i 
seldom the case. The practical gain, therefore, in the ¢ 
engine is from 20 to 30 per cent., varying 
above nained, as shown in the working of conden 
both stationary and marine, The economy of the 
gine might be increased, if advantage could be taken (as | 
case of the injector and steam jet) of the velocity with whi 
exhaust steam cecapes from the cylinder to the conden 
entering the condenser, the power due to its energy 
stroyed by the cold water injection, or by being brought in 0 
with refrigerating surfaces, oe all 
The difference in effect botwoon the condensing and me 
densing engine, with equal pressure of steam and exp 
solely that the condensing engine has the ad 
produced by the vacuum, or the amount of atm: 
yemoyed. Their difference in operation is, that in 
engine, the steam, after having performed Wa & 
—~ by the admission of a eproy 






















































The losses in the engine proper xe due mani 0 
ence of moisture in the steam cylinder, Nearly all of th 
ture, which is either carried into the cylinder with the st 
the boiler, or ie produced by condensation on the cylinde 
in the steam passages, is re-evaporated during the expansion 
exhaust periods, and in reevuporiting, abstracts heat fro 
steam. Very little of the heat which is used in this way 
turned to the engine as useful work, and consequently the 
‘ence of moisture may be said to rob the engine of an anio 
usefal energy proportional to the heat required for ite evapon 
It ie therefore of the utmost importance to the economy of etonm 
engines to prevent the entrance of water into the cylinder, oriié | 
formation by condensation on the walls of thé cylinder and it tt 
pussages. 

The moisture which enters the cylinder with the steam is att 
properly chargeable to the engine, Dry steam may be had st 
the throttle of the engine by the use of properly designed bollem 
steam separators, and non-condueting pipe covering. ‘The pre 
duction of moisture in the cylinder, however, is due to the desigt 
of the engine and to the conditions under which it operates A¥ 
an example, consider a plain slide valve engine, and suppose the) 
steam is admitted under a pressure of 100 pounds per square inch, 
is out off carly in the stroke, expands, and is exhausted againit) 
the pressure of the atmosphere, The entering steam has a tem) 
perature of about 838° F., and as the steam 
gradually reduced, until at the end of the stroke, when the exhaue 
hogina, the temperature is only 212° F., and this ie maintainel 
during the entire return stroke, Furthermore heat is contin 
ally radiated to the surrounding ntmosphere, und consequently OF 
the time steam is again admitted the walls of the cylin f 

steam passages huve been so much reduced in 
a very considerable amount of heat wust we x 
m to again raiso the temperature of Uwe wails, 


































sessing the qualities of hardnese and | e 
mst with great care, and bored with great aceu} 
from the moment they are put into use, | 


oblong, also to wear larger in some placcedhan teeta i 
volves the necessity of reboring them, which is one of the 
items of expense incurred In the repairs of « steam-engine. 
There are certain peculiarities connected with the wear, 
steam-eylinders upon which engineers haye hitherto been unablt 
to agree, among which is, why the cylinders of different en 
of the same size, design, and manufacture, and tnder 
conditions, wear in opposite directions. The cylinders of 
horizontal engines wear more on the lower than on the tipper adG 
while others of the same size and build wear more on the si 
opposite the ports, and others on the sides next the ports, WN 
it always the largest cylinders and heaviest pistows that wear 1 
on the lower side of the cylinder, The same peculiarities 
good in relation to vertical engines. On some lines of 
steamers, where four or five of the engines were built by 
manufacturing firm, and whose design, quality of, material, 
acter of workmanship were intended to be as much alike in every 
respect as it was possible to make them, it was found on exam 
nation that the cylinders of all were worn oblong—some in te! 
middle, others at both ends, and others still at only one end. It 
is a general impression among engineers that the cylinders of very 
Jarge horizontal engines are more liable to wear oblong than 
of vertical engines of the same bore; but experience and. 
yation have proved this to be a mistaken idea, ‘The troubl 
frequently due toimperfeot alignment, and it is diffieult to imagine) 
why an engine piston should exert any pressure against the ¢y 
der walls, other than that due to gravity, when all of the 
eating partie are perfectly trac with the centre line of the: 
and with each other. Care should be taken to see that this 
ease, and also that the packing: is placed with uniform @ 
around the piston rod, as any material incauelity may 
| engine out of alignment. The wear which woul 9 

































plained under “ Valve Gears” 
ing an oil pipe for lubricating 
casing, 4,5, 9, 14, 15, around the: 


common practice in locomotives but not 
‘The wooden cover, 8, which surrounds 5 
Tagging, acts a8 an insulator for check! 
from the cylinder walls into the eurroundii 
The steam passages, 20, and the exhaust | 
channels by which the steam enters and Jenves the 
proportioning of these isn very important feature in 
engine, a it 
enginca ia duo to an incorrect desiga of the n 
‘They should be as short as possible and of sufficient ¢ 
to prevent any reduction of pressure in bE 
tule is to provide one square inch cross 
every square inch arca of piston and 100 fi 
second. Hence, to determine whether the steam | 
properly proportioned, 
Rule.—Multiply the area of the piston in square 
piston spoed in fect por minute and divide the p M 
‘The result will be the proper cross section of the steam sm ie 
square inches 
The term clearance is understood by engineers to me 
unoccupied apace between the ge and eylinder-honds wl 












between the'cyTiidér and the fice of the Valvelde Mt 
élide or poppet. The amount of clearance of any” 
ita oconomy; and if the clearance is small, the & 


‘moro econonical than if large; a certain amount i an 
necessity, Tt is, therefore, an object of . 
















live steam from the boilers, 


The Piston and Piston Rod, _ 
The piston is that partof the steam engine which first n 
transmits the pressure of the steam to the other 
in a sense, ig subsidiary to it, [t consists. of an iron 
Jnvo the cylinder, and the nature of the work which it | 
form requires that it ehould be strong, durable, ligh 
accessible, and, above all, that it should maintain a stea 
contact with the cylinder walls. It is impossible to give: 
for calculating the thickness of pistons, as different 
require different designs. If it is not steam-tight, t 
continual leakage of steam, causing a eerious loes in Q 
of the engine. This is one of the most common losses it 
engine and one which must be carefully watched, not 
builders of engines, but also by those who have : 
them. ‘The usual method of keeping steam pistons 
provide them with one or more cast-iron rings whi 
grooves eut into the circumference of the piston. ‘The | 
first turned to « diameter slightly smaller than that of the 
of the cylinder, ‘The piston rings are of cnst-iron and. 
Jarger than the diameter of the cylinder. After they h 
turned to a. smooth finish on the outside a piece of suffi 
is cut off the circumference of the ring, and it is then p 
the groove of the piston and sprung into the cylinder. Whe 
in place the tendency of the rings is tospring outward, aud fn tht 
way a steam-tight joint is effected. - 
A groat many different etyles of pistons have been devised 
fact, different kinds of engines require different kinds of | 
‘Those illustrated in the accompanying cuts represent | 
ods of packing employed by the Baldwin ZL 
Ta Fig, 1 the method vefcrred to ttss 











J the diameter of the cylinder, A rod yy ‘ 
he the area of piston; and if 100 Ibs. of steam | 
the piston, the strain would be 10,000 Ibs. per squ 
of rod, which is about ¢ the breaking strength of go 


But tho strain on a piston-rod is alternately tensile: 
préssive. Such a size would evidently do for such a pram 
though it might not break 20 Tong as it was ni cl 
undue strains from accidental causes, such as water in 
ete. On the otbor hand, the largost eizo in use —} the d 
of the cylinder— would be y', the area, on which the 
to 100 Ibs. of stenm would be 8600 Ibs. per sq 
which is fairly within the limits of perfect safety. 
pressure on the piston is not the main consider 
mining tho size of the rod, as accidental strains, to 
Tiable to be subjected, must be adequately provided for, 
these strains bear no relation to the steam pressure, so th 
dinmeter of the piston ehould be made the main in de | 
termining the size of the rod. Bourne's rule tbat | 
Aiamotor of the cylinder in inches by the equare 1 
pressure on the piston in pounds per square inch, and divide 
the product by 60, ‘The quotient is the size of the piston-rod, 

Piston-rods may be smullor in diameter than the foregeing 
made of steel, and if they possess sufficient 
to resist all strains to which they may be exposed, 
time induce less friction, do more service, with leas 
br require returning, while the Aitterence in 

about 








connecting rod; the crank and the dis 
pin und the shaft when the crank 
line of the engine cylinder. 

Rule for finding the distance the piston fan 
position in the cylinder on the forward stroke, da 

tance which it lags behind on the backward stroke: 
is in the central position. 

Subtract the square of the length of the crank from th 
of the length of the connecting-rod; find the square 
difference or remainder, and subtract it from the leng! 
connecting-rod, The remainder will be the variation of 
from « central position when the crank is at right angl 
centre line of the engine, 

Example. —Length of crank, 12 in, 

Length of connecting-rod, 72 “ 










5040 =70'992 in.; and 
72 
70992 
1-008, which is the variation in 
inches. 
‘The connecting rod is usually made from fonr to eight tim 
Jong as the crank—that is, two to four times the length of th 
stroke. Tong connecting rods have many advantages, but 
longer they are the greater must be their thickness, conseq 
it may be said that short connecting rods are more ecom 
the use of material. The usual length for high-speed 
‘about five times the length of the crank. 


engines built by the New 
uty Steam Power Company. 
be seen from the cut, it hus 
de gibs on er side, by 
€ which and screw bolts 
wear in theslides may be 
mn up, Crose-heade may 
of cstiron, wrought iron, or 
it the latter material is the 
fmmon at the present day on account of its lightness for a 
. The area of the wearing surface or slides de- 
fi the pressure to which they sre subjected. Tn a horizon- 
it “throws over,” all of the wear comes on the lower 
‘the engine “throws under,” the reverse is tho ease, 
be taken into account in proportioning the slides, 
be on a basis of from fifly to eighty pounds per 
surface, 
difference between throwing oyer and under may be ex- 
‘aa follows; An engine throws over when the eravk-pin 
! ion of its travel while the piston is moving 


shaft and throws under when the crank-pin 

portion of its travel while the piston is moving 

ft. This is ustrated in the following cuts, 
the direction of motion, \ Wah\e 




















0 fly-wheel may be said to be 
ea ee pales acta 


‘the whool, that it may bo said 


Lp ceananariaty before the next impulse is re 
el tee 

h he fy-whol wed to ovrome c 

it may | ered a conservator of power, 
ula getting up the speed, is retained 
of the power expended, with the 
been lost through friction and reslet- 


s they must be twice in cach revolution, 
its dead-centre, because there the 
ineffective. It is evident that, when 

ngles to the connecting-rod, the latter ia 
f power; but when the forward or back. 
hed, the orank, would remain there, but 














so that, in proportioning a fly-wheel to @ given. 
must be paid to many particular circumstances rath 
given rule. There are circumstances under whieh the 1 
wheel may be dispensed with, as where « puir of engi 
by side, whose cranks are at different an, 
the othor to pss the contres, oF whore soothe 
‘not an abgolute nocessity. we 
Great care should be taken in erecting fly-wheels to = 

they aro balanced—that is, that the centre of grnvity 
whoel coincides with the centre of the ehaft, as if it do 
the shaft aud the wheel will be subjected to unnecessary #1 
which may produce disastrous result. The balancing 
accomplished by loading or cutting away portions of the rim 
the cage may require, and it may be said in general that the} 
foctly circular form of the wheel is of no importance so long i 
the centre of gravity coincides with the rch 1 
effectiveness of the fly-wheel in stendying tho 
depends upon the distance of the metal from cent 
being the more effective the greater its distance’ fi 
For this reason the material of which the flys 
should be concentrated as much as possible in 
stendying netion also varies as the square of the sp 
Fim, Hones, increusing the diameter saves weight, — 
‘certain limit, however, beyond which the speed may n 

thout danger of bursting. ‘The speed 

“80 fect per second, and if exrried b 
strains produced by the cent 


cient to rupture the wheal. 
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Different Farms of Slide Valves. 
A eertain amount of power ix always consamed it 




















The link-motion is an arrangement of valve-gear for reve 


engines and varying the mte of expansion. Ito 
eccentrics, with straps and rods. The eccentrics are a9. 
that when one ie in the right position for the engine to n 
wand, the other is in the position for moving backward; 
raising or lowering the link, motion will be communicated 
valye and the engine will move backward or forward, 
sult of this combination is that the link receives a 
motion in its centre; since, when one eccentric is mo 
of the link in oue directiou, the other is moving the o 
the other direction; so that the link will have 
motion communicated to it as if it were suspended | 
at its centre. 
_ The horizontal motion communicated to the link b 
of tho eccentrics, is a minimura at the centre 0 
itis equal to twice the linear advance, and it: 
the extremities, being nearly equal at eit 
which would be imparted to it by the 
alone, without regard to the other. 
‘a block which slides in the Yih, 





in fe ‘to the link 
bya rod at some point, 
a8 the location of the point on 
have an important influence on 


‘depends upon the distance of the block: 

tre of the link. By moving the link up or down on 

lock or the block up or down in the link, the travel of the 
‘or decreased. The central position core 

‘no motion whatever, while the nearer the block is to 
the more ite motion will be under the control of 
seeentric. Now since the travel of the valve, other things 
k determines the point of cut off, it follows that the 
y of expansion varies with the position of the block relative 
te Tn the above sketch, for example, suppose that the 
‘i f Srwdcd nibtioniwad tia back eccentric for 

om. ‘The link is suspended at the centre by a rod 

, and in the position represented in the cut the block 

and it is therefore entirely under the control of the 

e. Consequently the engine.is going forward and 


the cut-off takes place depending on the lap and 
ng of the valve gear. Now as the link is raised 
of the valve decreases and the cut-off takes place earlier 
‘the centre, when there ia not enough travel 
i steam may be said to be cut off 
¢ begins and the engine is ut rest. If the link is 
‘more, the other eccentric will control the block and 
‘iy roversed, the cut-off depending, as beforo, on the 
1 block from the centre of the link. ‘The term.“ full- 
” means that the link is dropped to its full extent; 
backward’ means that the link is lifted to its 
the Jink-blook stands directly woder tne sad- 

ire closed, and neither admistion nov exwaass 


ill 
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CHAPTER XIX. 
STHAM-ENGINH GOVERNORS. 


i@ subject of regulating th of steam engines has of 
irs roceived no little attention from engineers and practical 
and as a result various kinds of governors have been 

Ti would be safe to say that this device has absorbed 


the prineipal 


BE the apparatus 


cal axis or spiny 
$driven by « train 
[mechaniem, genor- 


‘The Waters Governor, 


common height of the pendulums is thet esece- 
iberof turnain a second "The regn\awr w 




















out any load, the engine would 


STs thied detect in governors on fhvet ae vines 
spindle or valve-stem has of necessity to pase through | 
packing: or stuffing-boxes, which have to be screwed 
vent leakage, without any guide save the judgment 
giveer, which increases the friction and interferes with th 
uetion of the governor, There is also the friction on the go 
valve necessary to overcome the power required to 
yalyoutom through all its bearings, stuffing-boxes, 
under the pressure of steam. Were it possible to Tr 
governor fur throttling engines which would approach in practia 
what theory would demonatrate, the fly-ball or centrifugal: 
emor would be a porfect regulator; but this appears, accor 
mechanical laws, to be impossible. By the use of iso 
governors, which would uot admit of any variation of ap 
would be in equilibrium at any speed, whether the balls 
or down, or in any other position, the defects of the common gos 
ernor were supposed to ha jated; but it was found ws 
rience that power and stability were necessary, and ixo 
in ite strict sense unattainable. 

In the fly-wheel governor these defects have been | 
eliminated. Troe, there is still « certain amount of fi 
the joints, but this can be made insignificant by: prope 
tion. On the other hand, there ure no packing or stuffing bo: 
to stick, as in the case of the throttling governor, and, ab 
the full pressure of the steam acts upon the piston at the 
ning of each etroke, independent of the load on the rT 
consequently there is no energy lost in expanding the stear 
it enters the cylinder. The action of the throttle valve i 
ing the pressure of the steam is simply an expansion: 
tseful return, and consequently a waste of energy e 
“the beat which was necessary to raise the steam from th 
which it is used to the boiler presmye. Bor oxy 

'¥ contained in one pound of Ary eveaw ov WY 

































‘ ‘its chief advantages is that the 
‘moro nearly constant with varying speeds thay 

y forms of pendulum or even fly-wheel governors 
al link showa on the right of the first cut moves up and 





| Porter-Allen Governor. 


the speed yaries, and as this is attached to the link 
in the second cut, the travel of the valve and 
‘are varied with the load on the engine, The link 
“piece with the eccentric strap, and is yreo\ed wa 
jon of this governor is very siwy\e, - 










| % pivoted in tho middle to one of the arms of the fly-wheel- 
tml strap connects one side of the arm to tho end of a flat steel 
§. while the other side of the arm is linked to the eccentric 
ch a manner that when the weight travels away from the 

which it does us the speed increases, the eoountri¢ is shifted, 





Btraight-line Goyornor. 








- 
uz both the eccentricity and the angle of advance, and thus 
the cut-off to enit the load on the engine. The gov- 
ie adjusted by altering the weight of the hall, which is cast 
and weighted with lend shot. This is one of thesimplest of 
types of Ay-wheel governors and it has proved a very 
one. 

|-engine governor is similar to thestraightline governor 
that both the angle of wdyunce and Une eoxswtheey 
































ising mechanism. Referring to the latter, 
&, which is of the semi-rotary type, is car- 


ried on the gpindle, B, 
which receives its motion 
from the wrist-plate by menns of a rod 
which is attached at the point A. The 
motion of the governor fe tranemitted to 
the releasing mechanism hy means of the 
tods shown at 2, and this motion is used 
to effect the release of the valve from the 
wrist-plate, As soon a It ls released the 
dash pot, which is attached to the bottom 
of the rod Ct quickly pulls down and 
thus closes the valve. It will he ob- 
set served that there are no springs used in 
tanism, the closing being effected entirely by means of the 
fich ie very simple and will be understood (row the 
I cut. 








mI 
" 





» | 


“A ropresents the valve, # tho valve-soat, and D the 
‘or rod, which is outside the chest, and upon the end of wl 


the toe with which the valve-gear engages to rock the 
enable the port to be opened, His standard or b 
jecting from the side of the steam-chest, and, bolted 
through which the yulve-rod passes, and by which the 
and the valve connected with it, are sustained and supp 


of steam-engines. At the innor end of the bry 
centrie with the hole through which the valvesrod 
iscut, A collar, F. is then shrunk upon the val 
wise tightly fitted thereto, so ag to make a 

‘off to face and fit the recess when the valve-rod, 
are in their proper relation. The face of the 
seat of the recess, a, should also be round, 80 as 
tight joint, 


ibe Ha 


ae engine, it contains many in 
of construction. It is built by two Wit 
rine Oo, of Providence, R. 1. 
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~The Improved Greene Engine, 


i 
ilustration represents the Improved Greene Engine, which 


4 will be under & 
by referring to 
tt, whieh lowe f 
feam valve-gear ® 
(toa larger eeale. g 
le J represents a 
© bar which re- § 
# reciprocating a 
1 from ageparate 5 
‘tic by mens of 2 
fer arm, asshown 
front view of the & 
# ‘Through this © 

bar extend two 
3, @ G, attached 
& bottom to a 
[plate Js, which is 
¥ position by means of the rod F attached to Une gosensty 


al 









agate 
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flludler, ‘The abarve ent shows alzo the p 
Wf furcing taper plugs into the pis 
wich a way that Ie will. require a 
Mea to fonwe them tote the pi 

a] 1) 
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restoring the piston to its narmal 
a been running with an increased 
tor vue and the slight Joss incident thereto. 





Straight Line Single-valve Engine. 


Bvalve goar is very simple. It consis{s of single eccentric 
'd to the boss of the fly-wheel, ns already explained (seo 
{ht Line Engine Governor, page 419) in such a position that 
able lend it had. The eccentric connects directly by means 
fod to the valve, ‘The slides for the valve-rod have long 

furfaces and are provided with an adjustment for taking 

wear. The valve, which is illustrated in the aecompany- 
ional cut, isn thin rectangular plate with five openiugs. 
eure on thé back is relieved by a pressure-plate between 
ite seat the valve slides. The pressore-plate hos oyenr 

the ports and rests againat Qsrance-yucces Yo. 
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cranks and shaft are forged in one pisos, while in the fi 
the cranks are forced on the shaft aud keyed. ‘The maja’ 


anctiox: 
Westinghouse Btandard Bogine. 





LONG|TUDINAT. SHCTION OF ENGL 


] 
270 lined with BalWQ@ital, and are saypwA won =| 


shown near the ( Shi 





this should be confined by means of piling, If aft 

toa reasonable depth the soil continues to be of a sc 
sandy nature, & layer of rabble should be aid and we 

and on this # layer of from six to twenty-four inches of stro 
crete, also well rammed and finished level, to serve as a bed fu 
foundation. If no indication of solid ground is met ; 


4 sufficient number of piles spaced two or three feet. 
them off to a common level, excavating the earth b 
ples to a depth of two or three fect, and filling the 
‘eonerete, finishing the whole to a level for reeei 


The materials used in tho foundation should be 
ed brick or stone laid in cement. The beat 
ig a single solid rock, Ww this 1 usally 








th 
pi 
con 
thot 



































be meant by a vertical, tripleexpansion, 


cting, non-condensing wutomatic. eateal, See 





high 
What is the difference between condensing and 1 
engines? 
Af the vacuum in a 14 X 20 condensing engine 


Explain the difference between throttling and 
off engines. Where are throttling engines veed? 


Tn what reepects do etationary, marine, at 
differ? 
How is the power of locomotives measured? 
What are rotary engines? Why are they not 
tensively ? 
What are the principal sourees of Toss in steam | 
Calculate what percentage of the energy cont 
is utilized in steam plant consisting of a 
eight pounds of water por pound of fuel, and an 
consumes twenty-five pounds of steam per indie 
hour if the coal contains 10,000 heat units per pou 
‘What is the principal eource of waste in the en 
How may it be reduced ? ‘ 
Which is the most economical type of engine and Wh 
hat is the function of bed-plates and houses - 
built? 
a sketch showing the usual design of, 
the principal features. 








gear! 
What are " relief uaavenyth “balance ya 

ves," and “gridiron valves?” 
Blan by gra he an of the plain slide valve 


and outside lap, show how by the Zeuner diagram the 
of steam may be studied. 
Explain how to set the valves of steam engines, 
‘Explain bow the lap and lead may be detern 
opening the steam chest. 
Why are plain slide valves not used. with Jay 
high pressures ? ~ 
Dazeribe the piston valve and stato ita advan 
vantages as compared to a plain slide valve. 
Make a sketch of valve and steam chest showing | 
uure against the valve may be relieved. 
What is meant by 9 poppet valve? How ie the lift lift det 
What is meant by a variable cut-off gear? 
Explain the Stephenson link motion and illustrate it by ki 
Explain the Meyer valve gear and mako a sket i 
it might be used as an automatic cut-off gear. Wh; 
uused more extensively ? 
What is the function of the governor? 
throttling governor, 
the principal defects of throtéling go 
shaft regulation used so extensively 





Sayan in the Corliss type of engines? 
Describe the Corliss engine and state why its economy is greater 
than the slide-valve engine. 
Explain by a sketch the releasing mechauisin employed in the 
iss engine, 
| What is the funetion of the dash pot? Why is it better than 
Aspring In connection with Corliss years? 
Tu what respect does the improved Greene engine differ from 
Corliss typo? 
Why can Corliss engines not operate at high rotative speed? 
| What are the characteristics of high-epeed automatic cat 
F engines? For what class of service are they especially 
ted ? , 
ig the steam consumption per ho: 
ines? - 


sof ? 
plain the method of reg 
Porter-Allen engines, Which of 
equal, be the more economical ir 
plain the use of pressure “ 
m pressure on their backs 
advantage is deri 
in the Porter-Allen en; 












igtataehinent of the piston is } of an ii 

“end of the lover, and with it the pencil, 
ment of the piston. The secondary lever is equal in 
d the link which connects the two,and which 


at its centre, is 1-3 inches long. These yroyse | 











as in other cases; that an air-chamber or jacket 


#team-eylinder instead of n steam-jacket, as in other 
that the piston-rod is hollow instead of solid, and that it S 
inited to the piston, thus requiring no joints below 
which obviates the possibility of corrosion by the | action 
steam or moisture; that there is no link or 
tween the head of the piston-rod and lever to cause frictio) 
inaccuracy of motion; that the cylinder, piston, and piston 
are automatically oiled by a solflubricating devieo, thus remo 
the possibility of friction, which always induces error in th 
cordings of the indicator, thus rendering the diagram” 

‘even to experts ; that, wherever possible, every joint is m: 
steel pivots inetead of journals, as is the case in other 

that the mechanism for adjusting each instrument is so 

that it may be used either left- or right-handed, us the 

in order that diagrams may be taken from either « 

inder without the necessity of two indicators; that 
provided, for adjusting the distance that the papar 
towards the pencil, so that a bair-line cau be draws 

tion ; that the reduction in weight in the piston and 

rod und the refinement of workmanship in the: 
render the reciprocating parts so extremely light, 
and friction are reduced to a minimum; that it is “a 
justed and operated than in any other instrument of 
thus dispensing with the necessity of experts, and that 
be taken from each end of a steam-eylinder: 
least difficulty, even by cnginecrs of ordinary int 
limited experience, from engines running at the hi 
able piston spord. 

They are manufactured by the Crosby Steam Gang aud Vi 
Co., Boston, Muss, 


‘The Thompson Improved Indicator, 4 


The Thompson Indicator, see page 501, improved and 
7. W. Thompson, of Salem, ©., is wether 
























Petters: sanvr-soox, 601 


jan he meed on high-speed engines with succes; und it works 
qually well on elow- and quick-ranning engine, Iv will give 
sre nt any attainable speed of an engine or loco 


The ‘adoption of high-piaton speed of stationary and locomotive 
figines has created a demand for an indicator that will take cards 
tavery high speed, say three hundred revolutions per minute, 
ireven more. 

twill bo observed that Mr. Thompeon's improvement mainly 
Minéists in reducing the weight of the parallel motion, by lessening 
the aumber of vibrating pieces, thereby decreasing the tendency 
tomake wavy linesin both steam and expansion. By this arrange 
Ment, the instrument is lighter and more compact,—qualities whi 
Wil he fully mpprecinted by all intelligent enginoors. 








‘The Thompson Improved Indicstor. Section of the Thompson Im- 
proved Indicator, 


By an ingenious device, invented by Mr. Thompson, earda ean 
with this instrament at a pressure as high as five howdved 


to the square inch, 4 








ideseribod by tho go 
Gil is being moved in a true line; 
parallel motion to the pencil. 


Tabor’s Indicator. 





© cup, engaging with a lug in the dram-bayo, forms the 
recoil motion. If the spindle be slacked somewhat. 
jase may be revolved over the stop-block, ‘and more or 
(given to tho recoil-apring. By simply unscrewing tho 
Py the whole motion work may be removed in one 
(peneib-lever, pistou-rod, and radius-link, axe all of etek, 


L a 








\ = 
~ ‘Richards’ Parallel Motion Indicator, 





oe, and to how high a 
particulars can only be learned 
ponding with the spring used, 
and to locate the exact events 
c. The pinta to be calculated ii in estimating diagrams 
vie the total mean, or thé mean 

ted horse-power, I. H. P., and the 

‘The indicator shows the pressure 

nt in the stroke; to represent this fuithfully 
“aids which determine the form of the 


neal Terms Used in Connect with the mply- 
ment of the Indicator. ato +e 


d terally means no transmission. As applied 
aii if aeand that it correctly represents at all 
‘due both to the volume and the temperature, 

on of heat-to or from it had taken place, 


‘This term is applied to the induction of the steam 
the valve opens at the commencement of 


nptote means a line which approaches nearer and 
0, but which, though infinitely extended, would 
clearance and vacuum lines of a diagram 
expansion curve, 





“The latte Bat the end of a lag 
taken from the bottom end of the ¢} a 


‘The term Compression ts sree a 
through which the piston moves in the: 7 
has closed, Compression takes place 
cylinder-head ah te eal ich SS and the 
end of the oylinder at which it takes plaoe’ depends 
of lap on the valve. . 


The term Cushion means the subsignen ohio 
side of the piston induced by the steam shut up i 

Cylinder efficiency —This term is used toc esign: r 
‘of work performed in the cylinder of a Pies a gi 
pressure. pte 

‘The term Clearance is used to express the extent of | 
which oxists betweon the piston, the eylinder-hend, and , 
face at each end of the stroke. See page 363. 

Displacement. — This term is applied to the cubic r 
the volume of water, steam, or air displaced by the piston dun 
onestroke. Tt may be found by maltiplying the area o . 
in inches by its stroke in inches. The product wi 
ment in cubic inches, 










Duty. — This term is understood by engineers | 
siency of steam-engines, or the number ‘of pounds 
is capable of raising one foot high per second with 
or consumption of one hundred pounds of ¢oal. 


ire 


The term Flexure means bending or curving. 
flexure in a diagram is the point at which the cut-off 4 
i the expansion curve begina, xs shown wt C, exe 


— 








r the point 
‘h i ep cacti oat naie and 
r pe aown sat’, on. dlagrars on page’ 537) | 


OyL mexild for‘biytepreshure ¢ylinder. ' 


which, when applied to the steam- 
fot high; or 150 Ihe, raised 


a plane figure which is formed by 
acons bya plane, parallel to its,axis or to 


Secale is such, that the difference between 
e of any point in it from two given points is always 


ane uniform or game temperature, As 
to an expansion curve, it means that such a curye repre 
correctly the expansion or compression of the sicam when 
aperuture is uniform. 
‘oyl. menns low-pressure cylinder. 


OFdinates means the vertical lines drawn across din- 
to frei calculation of their power. See diagram 
587. 


‘term Parallelism is generally employed, where two or more 
ines may be extended indefinitely, without any tendency 
or from one another. Sve atmospheric and 
on indicator diagrams. 
“i 


—This term is understood to mean exhaust. Zeatid- 
haust is that which follows the first relense of the terminal 
» The térm negative exhauat is sometimes used, though 
nal ritood in its literal sense. Tt menns compres 
,and absolutely amounts to the ame Ying, sa 


=| 











means indicated | 
of H. P. of energy shown by the d 
by multiplying together the area of the | 





the friction of the engine. 


The term Initial pressure is gonerally 
represented in the cylinder b 
steam-valve and the closing of the cut-off. More p 
ing, it is the pressure represented in the cylinder at 
ment of the stroke, as the preseure frequently falls 
before the closing of the cut-off. 


M. E, P. means mean. effective pre 
amount by which the ayPrag impelling 
















The term Terminal pressure means th 
steam is exhausted from the cylinder, ‘and 
‘exponent of the consumption of water by as 


The term Pipe diagram is applied to diag 
éteam-pipe tor the purpose of determining how muc 
ure of the steam in the pipe is lost in passing tht 

% to the cylinder, ‘ 




















it follows that, by reducing the travel the lap both 
d exhaust will be virtually increased, and vice werad, 


ge of travel must be accompanied by such change of 


jo slide-valves are used, each performing the functions 

and exhaust at its own end of the cylinder, the eteam- 

r be sonaand by setting thom farthor apart, and dimin- 

g their connection ; but in such casos steam-lap 

iat the expense of the Ashaustlap, and vier verad, 

from an engine embodying correct construction 

) the general features which should characterize 

the engineer will have no diffieulty in recognizing 

well as deviatious from diagram No. 1, ou page 537, 

itions should bo understood before the slide-yalve, 
engine diagram can be intelligently criticised, 









ams taken from Automatic Cut-Off Engines. 


ints of difference between diagrams from autonmtie 

aud those from slide-valye engines will be mainly 

steam lines, the points of cut-off, and the expansion 

n the automatic cut-off engine ie worked in accord- 

ory of its operation, the steam is never throttled 

regulating the speed, but is admitted freely to 

‘speed being regulated golely by means of variations 
eut-oll; Hence, the steam line should \wiexes 















length of tho pipe as determining their 

the speed of the engine as determining th 

‘The pressure of the steam also affects | h 
is donser than low. Tho trouble involved in 
connection for such a diagram will of ¢o 3 
eases, but their value to the enginver, asa em 
correct proportions for the sam 


‘The Mean Effective sre 


‘Whatever uncertainty may attach to | 
from indicator diagrams, there is every 
provided that the spring is correct, the instran 
ing order, aad its indications mathematically. 
clusions will be reliable. The usual method o 
meun effective pressure is to divide the dng 
number of equal spaces by lines or ordéna 
of each space with the proper scale, and to 
several pressures by dividing their sum by 
since it is oasier to measure on a line than to g 
between two lines, it will be preferable ton 
epaces half the width of the rest, which will m 
in tho centres of equal spaces. The mes 
on them. Dingram No. 1, page 637, is lined 
The most expeditious and accurate method o 
average of these ordinates is to take a 
to each of them in succession, and m 
it,. This length in inches multiplied 
|, aud tho product divided by the 
‘will giys the desired overage. Bs 
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[Bovalucof each pound. See table on page 566. Then multiply 
SM. E. P. by this yaluc, ‘This method is preferable to multi« 
Wing by the M. E. P. before dividing, as, when several diagrams 
{ithe same engine representing varying londs are to bo calew 
(Si, the value when once obtained will auswer for all, the spoad 
lig practically. tho same in each case. ‘The area of the piston- 
is generally ignored in sueh caleulations, though it will dimin- 
the area of one side of the piston about 
The custom of dividing the indicator card into ten ordinntes 
{been generally adopted by enginccra because ten is the most 











fenient number for a divisor, since the process of dividing by 
jonsists merely of pointing off one decimal. The M. E. P. 
frtained by dividing the aggregate length of the ordinates by 
fr number, and multiplying the quotient by the scale of the 
Beam, The following instructions will be found useful to per- 
Wunaccustomed to make the calculation. 

First. — Divide tho card into ton equal parts, as shown by the 
fed lines in the above diagram, after which draw a line exactly 


at 











=—_ 


THE ENGINEER'S HANDY-BOOK. 631 


fi the analysis of diagrams in this work, the eustom of dividing 
diagram into ten ordinates is sometimes departed from, because, 
{he first place, ten ordinates are not considered enough, in all 
43,to insure necurate calculation ; and,secondly, because, when tho 
uber of ordinates is made the sume, or one-half, one-third, or 
Mourth as many as there are pounds per inch in the seule 
the diagram, the calculation is, if anything, simplor than tho 
process, since the sum of the ordinates, as measurod on the 
fof paper in inches, is the menu effective pressure at once, 
fn the number of ordinates equals the scale, and in other cases 
jars the same relation to it that the number of ordinates doea 
jeseale, Ten ordinates may be used, however, for such scales 
tw divisible by 10, 

gppose the soale to be 60, and the number of ordinates 10, 
that the sum of their lengths is 7 inches. According to the 
er process, y= "7x00 —42 Ibs; by the latter method, aup- 
ig the number of ordinates to be } of the scale, the process is 
ly 6X7—42; that is, the moan effective pressure would be 
mes the sum of the length of the ordinates, if the scale is six 
their number. 

















the scale to be 40 Ibs per inch, one-half of that num- 
20 ordinates, as shown in the above diagram, are wets 
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Formula for Pinding the Theoretical Clearance when 
the Scale is known, 


[From two points in the expansion curve, as A B, the former 
[early and the Intter as late as possible consistent with the cer 
tinty that both 


(ein the expan- 
oo curve, draw 
\evertical lines, 
Dand BC, at 
ght angles to 
© atmospheric 
@yacuum lines 
d the horizon. 
lines, A Cand 
D, forming the 
tallelogram, A 
‘DB. Then, 
fough C D 
tw @ diagonal 
® continuing 
Townwards till 
intersects the 
tuum line at 
and from this 
nt draw a ver- 
il line, which 
represent the 
‘trance, Itwill, 
the majority 
gases, indicate 
te clearance 
actually ox- 
| ee LOTION 

Aimer the case with Jaree engines of gook “ Aad 
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Indicator Diagrams. 


lindioator diagrams ars the perfoct pictures of the porform- 
of the engines from which they are taken, provided the in 
Fis in good order, ‘There are two senses in which a diagram 
[to be perfect or imperfect, First, it may be in perfect con- 
¥ to existing conditions, us clearance, load, steam-preasuro, 
wigh all of these conditions may be far from the best; or, 
it may not only conform to the above conditions, but it 
present the bost attainable conditions, which would include 
at all, wl is unattainable, 


Beplanstory Dingram No.1 


m No. 1, B C' shows the steam toss CG es of cut-off; 
jeurves D,exbaw 


i erepeieitng the Rtirasice 00 0, ordinates for ascortain- 
Ayerage pressure; 7, continuntion of the expansion curve to 
stroke, to give the terminal-pressure for the purpose of eale 
(Pisoretical consumption; J, the point in the compression curve 
the pressure equals the terminal; consequently, I Jiathe yea 
vot the wholestroke taken ag the measure of The coummuyst 


Le d 
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‘Gram No. 6 was taken from n Harris Corliss ergine nop, 
“the Cincinnati Industrial Exposition of 1875. Size, 15 
$i spend, 60. revolu- 
or 480 foct of piston 
per minute. Both 
thermal, J, and the 
Htic curves are drawn, 
(cing the latter, the 
ing process was uved. 
trizontal lines, A, B, 
©, B, @, represent to- 
sures (above vacu- 
) Peepectively, 90, 80, 
50, 40, and 30 Ibs, 
umes of which are 
‘33, 378, 487, 518, 
(838, Atthe poiat, 
era the curve termi- 
the total pressure is 
thevolumeof which 
|. Now, it is evident 
the distance, H J, 
is 4°7 inches, repre- 
1290, the distance, 
representing 838, 
olume of 30 Tbs.,) 
} proportionately as 
shorter than H J 
is leas than 1290. 
(the formula, 1290 - 
+ 8388 : 305, or 
j = 305, will give 
stance (3:05) from 
jareace dine, J, to 






Diagram No. 6. 
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igeam No. 10 was taken from one of a pair of 16 x 30 inch 
(slide-valve engines, which were attached to the same shaft 
iranks at right angles to cach other. The piston speed was 
et per minute; moat effective pressure, 323. The eudden 
ation of the compression curve with a deseending hook sug- 







Diagram No. 10. 
fakage of the piston or yalve, The more rapid fall of the 
fon curve than theory requires, strengthens thie supposition, 
ints to the piston as the source of the trouble, The rise of 
“pressure in the middle of the retarn stroke is due to the 
} of the exhaust of the other engine. 










Diagram No, 11. 


bar No. Hwas taken from an engine, 8% 2,0 ® ij 
5 


= 
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gram No. 13 was taken from John Cooper engine, built 
the Babcock and Wilcox patent, at Mount Vernon, Ohio, 
iter of cylinder, 20 inches; atroke, 36 inches; boiler-prese- 
5 lbs. per squire 
peed, 60 revolu- 
por minute; scale, 
Uper square inch. 
dws no imperfec« 
forthy of note, ex- 
(he imporfoot re- 
‘of the compres- 
fessure, owing un- 
Mly to lenkage 
of the piston or 
alve Such « de- 
@ yery common 
‘nd may appear 
no other ovi- 
of leakage exist, 
th case it is prob- 
dat, if the com- 
& escapes by the 
the leakage ex- 
the end of the 
‘or, if it escapes 
valve, only the 
| which ret 
dimpression-press- 
imperfectly. In 
Fesent case the 
Sesion curve com- 
® promptly, but 
fibs completely, and falls again before admission, show- 
iat the leakage commences suddenly near the end of the 











Diagram No, 13, 


Disgracn Mex bt, 


64 percent; mena effective pressure, AT hs 
|e esrol tat ie cvnnts couse Inim, wiicls defects taiee Brom 
indicating obstructed exhaust and imperfect 4 
resin presen, saggesting Teakage of either the 44 


BPA NO. 15 wax akon (row the same engine. 
HH) AS shown yy ts Oe aval ake 88 
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mall cylinder as the measure of consumption, the first 
(to find for it the equiv- 
he mean-pressure acting 
irge piston. The area 
tleylinderis25741975 
iches, and that of the 
o is 6379-4288 square 
The M. E. P. of the 
inder is 33-25 Ths., and 
se other 9:25 Ibs. The 
» multiply the area of 
» piston by the mean- 
acting on it, and divide 
uct by the area of the 
‘tov. Bat, in the pres- 
it will involve less labor 
mm the division first, 
» divide the ares of the 
‘on by that of the emall 
multiply the quotient 
. B. P. of the large one, 
194238 + 2574-1975 x 
"33 Ibs. which, added 
E.P. of the small cyl- 
18-25 + 19°33 — 5258 
's for it the equivalent 
5258. Then the vol- 
© average terminal (28 
& 895, the calculation 
859°375 
895 x 
ys. From this the de- 
or compression will be 
per cent, or "48 lbs. leaving (162—-48) 15°70 Ibs, per 
per tour, which justifies theoretically the Qsim webe 






5 follows: 





Disgram No, 18. 


4 


Diagram No. 20, 
p ssion-prescures of each are 80 








3900 a3 s approximately the te 





Disgrom No. 


of the conditions could not be: 


re of B appears to be about 29 Iba, and of 
fions of the rate of water consumption give | 
Ths, and for T, 1555, These xery law «7 
to the very perfect vacuum 
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Owoll is. splendid specimen of the American beam en- 
boat which some years ago were so grent favorites on 





Fram No. 28. 


Diagram No. 27, 


tle great speed they were capable of developing, but 
Sst disappearing, and being supersednd by wnctusel 
Account of inherent defects in thee arrangens 
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‘curries u roller wheel, C, which is graduated and which by its 
c sures the area of the diagram traced out by the 
table end B, The theory of the apparatus is rather complex: 
{cannot be explained without the aid of the higher mathemat- 
(but its use in connection with the measurement of the area of 
foator diagrame is extremely simple. 


o use the instrument, fasten the figure to be measured on a 
board, and insert the point, A, in the board at any eon- 
location; then make « mark on the diagram, as at D: 
the movable point, B, st the place selected for sturtings 

turn the jndex-roller, @, round until O, on its porighery. 
ponds with the O on the fixed yernier y then wove X. row 


7 











pressure. 
a in tho condenser, which will be 


anser, when ihe Dilge-injection ix opened, the aire 

air from the pipe, when the air in the ship, 

Geaanwnthes it Ui bilge-wator, forces it up the pipe 

‘the condenser, In the surface condenser tho circulating 
the vacuum, and the air presses the water up. 

Roenieusst if the injection-water is not shut off when 

|, the condenser will be filled with water, 

[ifecastslearéA batoeo thosogino in started, may cause serious 

a to the eylinder or condenser. 











Quantity of Injection-Water Required to Con- 
comes a Certain Volume of Steam. 


‘or quantity of injectiou- or coudensing-water re 
a fh weight or volume of steam depends upon 
1. The pressure at which the steam is ox- 
absolute pressure existing in the condenser after 
formed. 3. The temperature at which the 

‘enters the condenser, While the Brat and second 
uit alightly with uniform load and steam pressure, 
iry with the season, and even with the weather; 
f, more condensing-water is required in summer than 
But the average amount may be illustrated aa 













the pressure in the cylinder at release or 
atmosphere, and the absolute pressure in 

a vacuum is formed, be 2 lbs., corresponding to 
‘of 26 inches of mercury. Each pound of steam ex 
bove atmosphere contains 1183 thermal wits, 



















‘and spacing the tubes in the tube sheete ie 
‘accompanying cut. As will be observed, the 
5 1" thick and drilled to take the tubes. The holes 


d out to a diameter of $4" for n distance of “y 











=] 
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‘Wheeler Double Tube System. 


gr Surface Condenser. Double Tubs System (yamps, 
attached). 


a 
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Barr Twin Pattern Vertioal Air Pump snd Condenser. 















power, 
cut of which may be seen on page 
ler at ono end, the circulating-water cyl 
‘ateam-eylinder in the middle, are being 
ocean steamers. ‘The claim set up for 
‘independent of the engine, they can be 
to the circumstances of the 

of the power of the engine, and are 
in stormy weather, or whenever the 

i attached to the main engine; that 
ed, and a vacuum formed, before the engine com- 
the injection-water can be more easily reg- 

quire no expensive foundation ; that, in con 

r and air-pistons being on each end of the 
have a more eteady and uniform motion than 
ump has, and that, in consequence of all their 
s, they cun be easily examined, and avy de- 
rendjusted, without interfering with the 










ndensing engine, the air-pump has only to ex- 
ulting from the condensed steam and the uncon- 
‘the condenser. In a jet-condensing engine, 
fo withdraw both the injection-water and the 
jon; the work to be performed by the latter 
30 times greater than that of the former, 









metimes fitted to a circulating, reciprocating, 
for the purpose of admitling, air to the 








! Merely psc below the 
‘Ket. It opens with the down Stroke 
F to act as a cushion on the water. 
opened, the engineer can tell by its 
working properly or not. 


hollow piston, generally made of brass, 
‘a boss (water-tight) which receives 


ich strengthening ribs run to the rim 

of the bucket is grooved to receive 

¢ valves, which are generally of India- 

egulated by a guard secured by a nut, 

ve is pressed when the bucket is on the 
of the grating. 


ly made of wrought-iron, and covered 
or brass, to prevent the oxidization to 
H rods are exposed. 


Pi carpe ratye i is generally a mitred 
n assing through «gland in the cover, on 
Facets keep itshut. It differs from a stop 
Tit ae weight. 
trivances in use for dispensing with 
a3 jector condenser, which produces a 
Q Pt t-pipe; but the necessary arrangements 
ueply cost more than a good reliable aire 
of the former is leas than that of the 
is never so perfect when produced by 
ent as when created hy a close condenser and 
becomes obvious, since we know that, even with 
fect, mechaniam, it is almost impossible to attain a 
and maintain it for any length of time, as nature 
n, us the atmosphere on the outside ofa vessel 
voring to equalize any unbalanced gresance 


| the inside, 
il 
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‘Wheeler Surface Condenser. Single Tube System. 





Whooler Surface Condenser. Double Tube Systers (warps 


attached), | 
= 






the functions of the planimeter? 
| the most ee the planimeter, 

it of the work performed by a steam-engine? 
he term mean effective eS see page 








is the beet criterion of the most economical results which 

is capable of producing? 
t object of attaching a condenser to a stenm-engine? 
he names, and the advantages and disudvantages of the 
of condensers in mast general use, with a description 


ow the injection-water enters and escapes from surface 






‘what relative proportion the jet condenser should bear to 
ylinder of a condensing engine. 
\t relative proportion the cooling surface in x surface 
w should bear to the cubic contents of the steam-cylinder. 
respective advantages and disadvantages of having 
urge or too small. 
he most advantageous tempernture at which to keep 
in hot wells? and what effact does too high or too low 
inre exert on the economical working of the engine? 











the arrangements by which the bilge injection-water 
into jet and surface condensers, 

be the effect of not shutting off the injection-water 
stopped ? 

lity of water necessary to condense steam, with 





8 17 to 20 cubic feet. tsbure le 

tm as low a8 11 cubic fect; using 74° gasoline, known as atove 
Mine, the consumption per horse-power hour is about ono-tenth 
me gallon, The amount of petroleum used would be about 
same. By taking gas obtained from coal in » producer and 


(euring tho numbor of pounds of coal per horse-power hour re- 
ted, it has been found that the gas engine exceeds the steam 
ine and boiler considerably in economical use of coal, the tests 
Professor H. W. Spangler, of the University of Pennsylvania, 
4 100 horse-powor gas engine showing that an indiented horse: 
fer was produced with a consumption of about one pound of 
‘hour. A producer plant and gas engine are much more 
ive than a steam engine and boiler, so that the price of 
Vat any place will determine as to whether, on the whole, the 
fee panes is desirable. 
steam engines are double-ncting ; that 
2 area at each end of the cylinder, although 
le ef ther, like the Westinghouse and Willans, are single: 
lng and tke steam at only one end. Nearly all gas engines 
und, moreover, take ina charge of gas and 
‘revolution, instead of every revolution, as in the case 
ateam engines, The complete cycle of operations 
nearly all gas engines operate is known as the Otto 
-and is as follows: 
stroke—Admission by suction into the cylinder of a 
‘charge coneisting of air mixed with come combustible gas 
or vapor. 
urn stroke,—Compression of the charge At the end of. 
this stroke the charge is ignited. 
forward stroke—Expansion of the charge which has been 
| heated by combustion. 
stroke-—Expulsion through the exhaust openings of 
mixed gases which have been cooled by exyorsion, 
ip produced by rapid combustion of Ye Wgsited 


a 
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engines is generally regulnted by 

supply of ‘fuel partially or entirely when the num- 
00 great, © regulating device usually 

of the Waters type (soo page 409), 

valve. sae ‘method is open to the 

which obtain with steam en- 

pai ly from the fact that gas is 

okes in the normal running of the 
much longer time elapses between 
and the changing of speed than is 
Although gas engines are provided 






10, arubber 

(of which ic to dimin- 

ietuations in the gas- 

tre; A is a valve cor- 

iding to the throttle 
engine; I 


ag and G is cast-iron pot whieh er | 











= oe 


= See = Seer ee Wien: he thnttee 
eee oe se = Se ee Thi 8 eel 
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( at the sume time through the valve M, which is operated 
tically by suction produced by the advance of the pistou. 





Top View of Oylinder End. 


$return stroke the air valve closes and the mixture of air and 
the eylinder is compressed to a pressure of some 70 pounds 








General View of Otto Bugine. 


(uare inch. Just after the second forward stroke equvnences 
pition takes place. The heuted gaseous mixx Sxywre 


— 





‘vaporizer 


by ‘in through a 
a To petroleum engines the fucl is sprayed into the 
a of air which enters the cylinder. 
the case of gas engines the gas pipe near the engine is pro- 
with a rubber bag or receiver with rubber diaphragm, ‘The 
(rance of this flexible wall shows plainly, when the engine is 
ng, whether the head of gus keeps fairly uniform; that is, 
ser the supply is sufficient without being at times excessive, 
© valve which regulates the admission of gas during the 
ion of air to the cylinder should close tightly every time, 
does not, thore is danger of having un exeess or deficiency: 
‘sadmitted as the guspressure may rise and fall, especially 
} engine is run at a varying speed. There is also danger of 
hg gas on light loads. An irregularly leaking valve is apt 
‘oduce puzzling behavior, as excessive and deficient charges 
be mixed promisenously with proper ones. Any considerable 
Sof gus will produce # smell and smokiness of the exhaust 
dl ns a failure to ignite regularly. 
Geficioncy of gue will produce slow combustion of the charge, 
‘impulses on the piston, and eventually wenk or strong ex- 
jus in the passages through which the air is admitted. Tt 
filao cause failure to ignite regularly, 
‘after having found the gas valve to be tight, there exists 
font a# to the admission of the proper amount of gas, an 
tor should be employed if one is available. Tf not, the 
tment may be made approximately by varying the quantity 
intil the best result seema to be obtained. 
ith those engines whose speed governor acts on the hitor- 
jich allow cither a full opening of the gas valve 

I—the accuracy of adjustment of the gag 
Jetermined as follows: 
‘on the engine that it will take severnl charges 

t of one and then take severs\ wore, “When 
“of the individual impulses te\owing, “a 

















‘vale, because they are always ready to’ ri 
(®) where the amount of power is very small, | 
parative economy both in first cost and 
Jocations where coal is expensive or fuel n 
siderable distance, because gasoline may b 
ported than coal, and beet the gasol 
cheaper to operate. ‘The g 

farms and plantations located ‘as! Soma d 
ample of this. Thike might ee pecial 
make the gas or gasoline engine prefers 

fer be given in’ his tontier! The data 

the present chapter, together with a careful stuc 
conditions, will guide the intelligent engineer 
of engine best ndapted to each individual ¢ 











weights. 

akxtees ame mar as the: 
atom As the ltr the lights of al it taken a 
of atomic weight. 

ce is now eupposed to be composed of an ime 

r of molecules, which, even in the eclid state, are 
at rest, and in the gaseous form are in a state of 
i rushing about in straight lines in all 










proving or disproving the molecular theory 
‘inability to determine the size or ehape of a molecule 
‘our power. The most powerful microscope fails 

‘show them, and should some material for lenses be dise 
finitely superior to glass or other material at present in 
ould fall far short of appreciating a molecule through 


a ~- 

incipal properties of different metals are their mallea 
‘apability to stand hammering ; their ductility, or power 
{awn into wire-form ; their tenacity, or strength ; their 
their fusiditity, or ense of melting under the pplication 
pee apecific gravity. (For melting-points see Chap- 


Eeree table gives an idea of the order in which some 
imon metals stand ; 





avitity, —_Duetitity. Tenacity, Fustbisty. 

) Platinum, Tron, ‘Tin, 

&  Bilver, Copper, Lead, 

finum, Tron, Aluminum,» Zine, 

er, Copper, Platinum, Aluminum, 

/ Gold, Silvery)» Bilvor, 

i Aluminum, Zino, Gold, 

| Zino, Gold, Copper, 
Tn, Tin, Tron, 


Lead. Lend, ‘Platina. 





iro iso ae epee 
and the tian 
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+ 56 
50 
- 90 
a 
41 
19 
63 
84 
a9 
(74) 
+ 6 
(40) 
54g 
548 
- 16 
85 
10s 
76 
35 
162 
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sasdbeguacass 


Groen tnsberecasally weigh from ooe-Stste oneal mors ‘han. 2=y. 
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‘It has been one of the priucipal agents 

apes human race, and is at tho present day 
in the mechanical arts than any other 

in different conditions, but always in the stale 

iron ore, that is, a sort of rusty metallic state. The 
kind — the hematite or blood-stone — may be de- 
or rendered concrete by water. Afler 

from the ground in the condition. of ore, is placed 
e smelted, after which it is rendered fibrous 


paddling. Spiegel iron or specular cast-iron is, a» 
© ares erysalion presenting bright, mirror-like, 


g yaries in specific gravity from 7°8 to 76; taking 
74,1 eubie oot wil weigh 479'3721664 Iba, or nearly 
‘Casi-iron varies in specific gravity from 7°5 to 6-2, the 





Wronghitron, 1 Lin} Cast trony Lim | 








Tt also contains manganese, nickel, cobalt, chromium, 
titanium, and tungsten in minute quantities, The 


and straps, valye- and prstor-tode, couneenoe 
eross-heads for pumps, Arte, WS - | 
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TABLE 

rm spelen aedeagus WROUGHT-TRON AT VARIOUR 
‘TEMPERATURES, 


"0011856 : 
ES becomes straw-colored, deep- 


d the cubical eat 
Cast-iron expand 
t change in 
Be cro! to the sun’s nays, rte 
‘shrinks, in cooling, from yy Ww pe ot Ns Leng. 
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| : ‘WROUGHT IRON WELDED STEAM, GAS AND WATER PIPE 
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‘WROUGHT IRON WELDED STEAM, GAS AND WATER PIPE 
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‘ sli 
is as follows: Four pounds 


per eight pounds of of antimony, and eighty-eight 
‘of tin. The copper is first melted; the tin and the regu- | 
| 


d brought to a dull rod heat, it is fit for use, 
alloy for the journal-boxes of steam-engines is 


Frorce F eh 
E .— Copper, 80 ; tin, 18; zine, 2. Tf, ufter cast- 
j,aud while still red hot, cold water is poured over it, it becomes 
(der, and finer in grain, and tougher, a4 the tin, instead of sepa- 
ing, as happens when the bronze cools slowly, remains mixed, 
[the alloy retains its compactness, 
Solder.—The following solder will braze steel or iron, and may 
found very useful in case of a valve-stem or other light portion 
fan engine or machine breaking at a time when it is important 
(t the engine or machive should continue work: Silver, 19 
(ts; copper, 1 part; brass, 2 parts, 
Silver solder is genorally composed of 4 parts silver and 2 
{te yellow brass, Pure copper, in thin stripe, is generally used 
(aoldering-irons. Plumbers’ solder is composed of 2 purts tin 
14 parte lead. This solder melts at about 450° Fab. ‘Tine 
ithe’ solder is composed of 4 parts tin and 2 parts lead, This 
fer melts at about 350° Fah. Bismuth solder is: composed 
T parts bismuth, 5 parts lead, und § parts tin, This solder melts 
at 225° Fwh, All tin and lead solders become more fusible 
(more tin they contain. Thus, 1 part tin and 10 parts lead 
it at abont 550° Fah.; while 6 parts tin and 1 part lead melt 
975° Fah. All the tin, lead, and bismuth solders become 
fusible the more lead and bismuth they contain. 
metal, which is a tough, strong metal capable of being 
‘onet, and receiving a high polish, consists of approximately 
cent. copper, 30 per cent, zine, and 6 per cent, iron. 
tensile strength about three-quarters that of wrought 


— a 











Brass wp Copper TURING. 
WON PIPE SIZES, 
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Toches. 

3-8 
o-16 

11-16 

116 
16 
5016 

STANDARD SIZES, 


N 
(Diameter. 
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d, which is widely employed in the arts, differs radically 
from iron and eopper. It melts at a fairly low 
(about 600° F. very soft and malleable, and ix 
entirely inelastic, It ie only slightly soluble in water, the 
ion of 4 coating of lead carbonate preventing the further 
‘of solution, It is not attacked by most acids and is 
used largely for vessels employed in thcir manufacture, 
ituent of paints in the forms of white Icad (lead car- 
4) and red lead (lead oxide) its use is enormous. 
work it has two chief uses: 1. In storage batte- 
frames of the plates are formed of pure lead and the active 
of load compounds. 2. For conductors to be used in 
init or submarine work it is drawn over the insulation 
# conductor so as to enclose it in a water-proof lead pipe for 
of keoping tho insulation of the conductor dry, 
is used largely in sheets and pipes to convey or hold 
_ Its small tensile strength renders it unfit for use where 
iin is to be put upon it; but, on the other hand, its 
attack by oxygen and many oxidizing agents 
vaseful. 



























pet lead is regularly made with weights per square foot of 
ds, 3 pounds, 3} pounds, 4 pounds, 44 pounds, 5 pounds, 
and upward. 
use as water pipe is made in regular sua wd 
the table following. 








BOLTS, NUTS, SOREWS, ETO, 
»ws—Standard Thread.—Thero aro three different threads 
«the V thread, the Whitworth, and the Sellers or U. 8. 
ad, the of which are given below. 

“ pitoh’’ of a thread is the distance which it travels length- 
or one revolution of the serew. 

thickness or depth of a nut, to give equal strength, must 
al to the outside diameter of the acrew or bolt, 


TABLE 
‘THE PROPORTIONS OF THE UNITED STATES OR SELLERS’ STANDARD 
‘THREADS FOR SCREWS, NUTS, AND BOLTS. 
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Asher remem 


be east in‘moulds, On cooling they shri 
‘be made for this.” The following tle wl 
is purpose: 
TABLE 
WEIGHT OF CAetiNGs BY WHIGHT CF THE FATTERNR 
weight of the pattern by the mulaae sone 


Vee ba thas itd | 
«  Wrought-iron, 
o Beoele el! 
Copper. | 
Lead. ’ 
















@ THE SURISKAGE OF CABTINGA OP DIFFERENT MECALA 


+ inch per lineal foot, | Tin, yy inch per lineal foot. 
“« Zinc, “ 
[> ete 
r ng the approximate weight of ivon castings from pat 
tiply the weight of the pattern by the figuros corre- 
g to the material in the table. Very accurate results ean+ 
expected, as the specific gravity of wood as well as of irom 
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wah se but make it several times larger, so an 
‘number of times larger depends on 
letaerastat i whieh it is to be subjected, and is called 
Hactorofsafety. The followin, represent good practice: Where 
+ load is steady with no vibration, euch as in roof’, tho factor 
{afoty is 3. Whore load is fairly uniform bat causing vibration, 
in shafting bung from roof, the roof material sizes would be cal- 
‘a factor of safety of 4. 
When the lond is reversod in direction the fixctor is 6, 
|—The loud which a beam will eupport de- 
Cea Jength between points at which it is 
‘the kind of wood nnd the way in which it is londed, A 
{m is uniformly loaded whon the weight por square inch rest- 
fon and ; ‘by it ia the same at all parta of its length. 
beam so will support more pounds thun if the weight 
eelesel ‘and hung from a hook in the middle, 
m the opposite page, taken from the Carnegie hand- 
plated with a factor of safety of 4: 
the load is suspended from one point between the points of 
‘beams, the safe load may be taken as one-half that 


e it is desired to lift an engine fly-wheel 

1600 pounds by block and tackle suspended from a 

beam. ‘The beam supports only a light floor and is itself 

d by the walls of the building, the distance between the 

being 12 fect deep. ‘The beam is 12” deep by 

white pine, Will it safely support the pulley, and by 

margin ? : 

From the table'n heam 12 feet long, 12” deep, and 1” wide unie 

uly loaded will support 1000 pounds with a factor of safety of 
ided at one point its safe load will be HOY youuds. "Covers 


i 













fore a 4” beam will support 2000 pour 
were to be attached to an oye-bolt scrowed h 
the eye-bolt would be nbont {” diameter, and would t 

the width of the beam, this bean would just do the rk snl 


Save Loans, Uxtwossy DistnmurED, vom. Reerasorian | 







Srayen on Waerry Pru Bras, 
ONE INCH THICK. * | 
Calculated with factor of safety 4. | 


(Bar on, increase values in table by Se 
(Kor yellow ping, increase values in table by #.) 


BSS 28828 











20) 390 
{10} 150| 200| 250| 310] 370) ao 
110/140/ 190) 240) 300) 390) 430 
110/140] 180] 236/ 280] 350) 410 
To obtain the safe load for any thickness ¢ Malay 
Kinch by thickness of beam. 
To obtain the requited thickness for any loads 
Toad for x inch. 


BENBE REBES SESE FEEES coves lim 
3 
S 























ne ists showing how many 

1 pal ot sn fm yellow pine, 
ink 5” into the wood required 

out, Using a factor of safety of 4, this 


pounds, or 400 pounds more than the 


Steel beams are made with a shape like the letter I, and are 
Aeuce callod T boama. The top aud bottom pieces are called the 
(anges and the vertical piece running between and connecting then 
iscalled theweb. By the tableon p, 654 taken from the catalogue 
‘of the Stillwell-Pierce & Smith- Compuny, we can ealen lute 
‘what load a beam will carry if uniformly loaded, using a factor 
of sufety of 4, If the loud ix concentrated at one point, only one- 
Half the result given by the table should be used, 

Example—W hat load at its centre can be safely suspended from 
(2.6" T beam whose thicknees of web is 23 and whose flanges are 
8)/" wide, if the span between points of support is 10 feet? From 
“the ie coefficient for a 6” beam of these dimensions is 83,500. 
Dividing this by 10 we get 8,350 pounds as the safe distributed 
Joad, and half this, or 4175 pounds, can be suspended at one point. 
A uniformly loaded beam has the grentest tendency to break 
at its middle point, and a smaller weight will break a beam if 
[applied at its middle than at any other point. So that the ex- 
above as applying to a weight suspended at any 
point are not strictly correct; but as they are on the safe ede 
and greatly simplify the calculations, it was considered best: to 
give them in this shape. 

.—The values for crushing or compressive etrength 
given in the tables are not safh to use where the length of the 
piece subjected to the crushing force is snore than four times its 
diameter, as with longer pieces a bonding action comes in which 
‘ennses them to give way long before the lond given in the tables 
fa reached. ‘The calculation of sizes of columns is beyond the 
Seta ua, but will be found in treatises on applied me= 

and strength of materials, 


































T microhm= -auilionith part of. chm; 
Lkilowaty = “ hopes ratte 


ero, und kilo can feceedivitl other unite 
n Be ckoraUilustated, bat such use is somewhat rare. 
Resistance.—The resistance of a wire or conductor 
on Tength andithe area of cross-section. The greater 
the greater the resistance. ‘The greater the cross 
he dest the resistance, Although this Jast is sometiines 
‘to understand, it ie quite analogous to the resistance 
@ flow of water in a pipe; the greater the section of 
easier water flows through; that is, the fess is the 


z certain widre 10 feet long hus a resistance of 2 ohms, 
be the anaes of 200 fret af iv? 


hen they are connected 
To find the joint resistance fvor AX 











—— 
, ‘TawLn oy Revarive Resisravces, 


(Suhuanices arranged inarder of Inereasing Resistance for ame length 
and sretional area.) 








‘Nome of Metal, 

















-—The metals generally have a fairly low 
resistance and are therefore classed as good conductors, 
have a high specific resistance, and are ealled non- 
jetora or ineulatorz, and are used for supporting or covering 
prevent leakage of electrical currents from them. 

ing table gives the approximate relative resistance 
them referred to copper as a standard. 





first cost. Copper haa the lowest epecific resistance of the 
yh metals and is generally employed, although if aluminum 
h lower in price than now (30 cts per pound), it will be 
“competitor to copper. Iron is ueed only on short tele- 
fabditdloptioae Tinga, ‘Tt is evident that the circuit should 
di) ‘aa possible, as the greater its length the greater its 
and eeceesee nh Reits is, to amount of energy Jost 


r arg nsoiito prevent uerent from being led off the 
For all work except outdoor work, and, indeed, for, 


the rubber coating. A further protection is given by 

) the wires at intervals on porcelain or glass or other 

‘80 that the wire only comes in contact with its coating, 

, or the ir, which is also an exceedingly good insulator. 

a up briefly, muke the path through which you want the 

nt to flow as short and ensy as possible. Make all possible 
} paths as long and narrow 28 possible. 

pont Effects.—Heating.—The passage of current through 

Pconductor heats it by an amount depending on the resistance 

he conductor and the strength of the current, If we pass 

a condactor having 10 ohms resistance: a current of 10 

‘and the same current through another conductor haying 

resistance, the heat units deyeloped in the Iutter will be 

the number produced in the former coil. This result, 

peated experiment, is of very great importance, and. 

ping that the heating effect is directly propor. 


a 











by the total resistance [in ohms], In shorter form it is 
d by the formula C= - where C= current in amparen 
ire in volts, and A= resistance in ohms. Several ex- 
will illustrate its use. 
ple L—In uw certain electrical circuit there is an electro- 
ive force or electrical pressure of 4 volts. The total resist 
‘the circuit is 2 ohms. How much will be the current? 


—U=tai- 2 ampires. 
2—What electro-motive force or electrical pressure 


be used to force a current of 10: amperes through a circuit 
nce is 1 ohms? 

Cm For Ex C R= 10 x 10= 100 volts 

p Af under a pressure or eloctro-motive foree of 100 

‘we get a current flow of 20 ampéres, what is the resistance of 
it? 

p= Bor R= = yp =5 ohms. 

there is more than one eloctro-motive force acting in a cir- 

must use forthe value of in the above formula the result 


u separate electro-motive forces — 
on there are seyoral resistances 4 a 


















‘their sum must be used. 
4—Suppose we have two batter- 
© giving 2 volts andthe other 1 volt, 
tes being zine and carbon, but 





¢ > 
app 
‘being used in each, Con: ‘See 


ic ee | 










flow through the other 


f the resistance of batteries or 

to that of the main 

‘we may neglect them, using for # in the 
So leat circuit. This is generally 


nee of the line wire: will usually be loss than one 
of the joint resistance of the lamps. 

“a 110 volt circuit whut is the current [total] 
sixteon-candle-power lamp of 220 ohma resistance is 
1 E=110, B is practically 220 ohms, ‘The cur 













= 4 ampére. 
is the current [total] when two lamps are turned on? 
sn is ‘ pee, 2220220" ™ 
resisiance of two similar Jumps is 200 + 220 > 
© = 110 ohms, or Raff that of one Yamp. ‘The total eur- 
= caval ‘The current throagh each lamp ia the 
before. 


os parsed om the joint resistance is one-third of 
or 734, and the total cur- 


-}ampére to the total current. The lamps 
d in multiple us shown in the figure. 

use of alternating currents complicates the calculation of 

ecieera 04) resistance-by Ohm's law, and tho method 

f making such calculations is outside of tho scope of this book, 

yuch as the ordinury engineer would rarely be called upon 

Besaiacine |» 
aw 










terminal is roarked + and the other —. If 
not connected properly, the needle will move or 
} left of the scale, In this event reverse the wire 
the points Cand D to the instrument. Such 
(ls the polarity of the circuit—that is, which is 
‘e and which the lower pressureside. When the 


‘connected to the higher pressure side of the 
deflects in the proper direction. 

Known Resistance.—If no ammeter of proper 
we may perhaps have a resistance whose value 
ch will carry the current to be measured with- 
+ In this ease with the aid of the voltmeter we 
‘ent, Suppose we have a resistance which we 
da portable voltmeter with an additional sealo 
© 15 volts, and we want to make the eurrent- 
described. Put the resistance in between Cand 
@ voltmeter terminals to the ends of the resint> 
he reading of the voltmeter was 2.3 volts, ‘The 
he resistance is by Ohm’s law equal to the elee- 
“electro-motive force between ita terminals di- 
tance, or 43%, which is 2.3 aroptres. This is the 
(@ Weston switch-board instruments, a resistance 
yeing placed in the main ecirouit of bee 








G Therefore the resistance equals the reading 
divided by that of the ammeter, The range of 
be suited to the current which the resistance 
seleepet ‘This method is particularly 


‘To calculate the resistance from the readings divide 
by the second, then multiply the quotient by the 
he yoltmeter, and from the product subtract the 
‘the voltmeter. This method is applicable more 
the measurement of high resistances of 1. meghom 
ough lower resistances can be so measured. 
| Weston voltmeter usually has a resistanco of about 
lis method euch an instrument would measure 
to 400,000 ohms quite uccurately—aay, within 1 per 
rom 4000 to 1,000,000 obms fairly necurately—say to 
t._ For the measurement of the insulation resist- 


#, cables, armatures (from coil to frame) 
ductor to frame) this method is 7 








} ammeter and voltmeter are connected as shown by the solid 
the ammeter thus measures the current flowing through 
Jamps, while the yoltmeter measures the pressure betwoen 
The product of the readings of the two instru: 
give the power in watts. Dividing this product by 
‘ill give the horae-power, 
{f the total power given out by the dynamo is desired, connect 
‘instruments ns shown by the dotted lines; the ammeter then 
(sures the total current flowing through the main circuit and 
‘voltmeter measures the electro-motive force between the dy- 
yo terminals, 
fetors are instruments for recording either the ampére-hours 
Wwatt-hours, the watt-hour being 7}, of a horse-power-hour, 
lirect-ourrent work there are two kinds in general use in thia 
htry, the Edieon ampére-hour-meter and the Thomson record: 


















‘he Edison meter is an electro-chemical meter; the current to 
heasured, or rather a known fraction of it, ono-thousandth, is 
into a depositing-cell consisting of two zine plates suspended 
(solution of vine sulphate, The current takes zinc from one 
hhe zine plates and deposita it on the other plate. The latter 
leis weighed at tho beginning of each month, and from the 
1 in weight and the known electro-chemical equivalent of zine 
umber of ampére-hours is calculated, 

‘he Thomson recording watt-meter is a small motor whose 
| eoils are connected into the main circuit, so that the total 
fent runs through them. Its armature is connected across the 
fs. The greater the main current, which is determined by 
umber of Jamps turned on, the greater the force tending to 
the armature, and hence the fuster will it turn. Ita ehatt ie 


— similar to (hat used Wm @ Ee 
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water and metallic 


| a copper plate dipping 
of copper sulphate 


dipping into sulphuric 
is @ porous cup which 
sulphuric acid. ‘The 
penetrate into the pores 
and will come into con- 
he copper sulphate, but is prevented by the cup from 
th it to any great extent. The action is as follows: 
ves in the acid when the circuit is closed from zine to 
ting free hydrogen at tho outer surface of the porous 
‘copper sulphate attacks this hydrogen, forming water 
ting copper on the copper plate. 
iwity pattern is shown in the cut. The two liquids 
te different pecific gravities will not mix to any great 
extent if the jars are kept quiet. This 
is especially the ease when the cireuit is 
closed and a current is flowing. On 
open circuit mixture takes place, and the 
rising copper sulphate coming in contact 
With the 2ine plate, zine is uselossly dis- 
solved. On this account the Daniell 
cell is not suited for open-cireuit work. 
The electro-motive force of the Danioll 
is about 1 volt, and the resistance of 
ordinary size cell about 4 ohma. 
Z The Edison-Lalande cell conslats of a 
fhe and n plate of*black oxide of capper (held tu a coy 
(suspended in » solution of caustic pomaly.” Qn ened 


k al 































‘is concerned, the curve of such cur- 
aa shown in the sketch. Tn practice the commu- 
| ators ard to ah other and from the shaft 
"by eheet mica. 
The armature, as the moving part is called, is in actual 
mudé up by winding the conductor on an iron core. 
‘Phe object of the tron core is to keep as many a8 possible of the 
magnetic lines produced by the magnet in the space where the 
i) ‘conductor is moving. Without the core a large part of them 
, would stray out of this space and would not be cut by the coil, 
| and the electro-motive force produced would be very much smaller 
‘than when an iron core is used. This core is made |n two forms, 
which give rise to two different classes of 
| armatures, cach possessing certain advan- 

‘tages, culled the Gramme ring and the 
| drwn-wound armatures, 

‘Bing Armatures.—The figure illus 
trates w ring armature with four ccils in- 
‘atead of ono, ae in the ideal dynamo, and 
aleo shows what changes are necessary in 
“the commutntor. It will be seen that 
| there are as many parts or segments, ux they are called, in the 
| commatavr a there are coils or sections in the armature, ‘The 














curve of the currents shows the adyantage of the greater number 
| of sections in the armature, the fluctuations in the strength of eur 
\) rent being very much less than with one coil, In practice from 
| 80 to 120 segments are in general use. 
Drum-wound armatures have an iron core of cylindrical shape, 
‘the winding for a four-coil armature being clear from an inspec: 
lof the figure. Although it possesses some ivyorveny advo 
























disks, The disks ure connected to the shafts through 
rs keyed to shaft as shown. This construction leaves the 
le of the armature hollow, so that air can enter und pass out 







q 4 
[faethe purposa cf disipating the large amount of heat produced 
coils'and core. 


The armature conductors are of copper wire insulated with 
{two layers of cotton, and ure further insulated from the core by 
{fibre or other ineulating materials, of which mica is the best. In 
‘the large-size machines copper bars of rectangular section are 
| espeareg at theends by specially shaped pieces of copper. 


of the conductors is made such that, with the ventilation 
by the air circulating through them, they do not renoh a 
ture more than 80° to $5° F. above that of the eurround- 





ees imine run of six or eight hours at full load. 


Tooking at the typical four-coiled armature it will be seen 
‘there are two paths for the current from one brush through the 
oils tothe other brush, and as these are of equal resist 


| ance, one-half of the total current flows through eae branch. If, 


‘as sometimes happens, one coil is broken, there is still 
from ono brush to the other, and we cannot with 
‘testing-bell find out that there is w wreak. “We ead 
of the machine wonld We very wads Wry Ss 


serious sparking at the commuistsr. | 





ps somewhat. The effect of curtent around the series coils 
Hines of force, and the n 


d machine is one im wih we BES ESN NS 













of the resultant field. ‘Tho cut shows this 
‘the field in an actual arm- 
ye experiment being wade with 
filings, When no current flows 
tgh the armature coils the lines of 
are horizontal, but. when current 
| through it the resultant field is 
| forward in the direction of rota- 
armature, ag shown in the cut. ‘The greater the urm- 
current the greater the shifting of field. Now sinve the line 
brushes is at right angles to the resultant field, the brushes 
shifted forward, in order to provent sparking when the 
‘the machine increases. The amount by which they are 
ed is called the lead. 
he fead in small machines of older types is considerable, 
hinting to 10 to 20 degrees. To diminish it wo must make 
uagnetic field due to the field magnets very strong relatively 
at of the armmture, In modern machines this is done, with 
It that after the brushes are properly act they need no 
to prevent sparking even when losd is changed from 
full load, 
of Series Dynamos.—As previously stated, series 
are used almost exclusively on circuits whose current 
tie desired to maintain constant whatever the number 
thrown on, Since the lamps are ia series, the more 
‘turned on the higher the resistance of the circuit and the 
‘the clectro-motive force necded to keep the ourrent at the 
value Although by using the machine on that part of 
tbaracteristic to the right of the maximum, as explained 
f4erice characteriatic, the machine tends to regulate the press- 
i tomatically, yet it is necessary to use special devices to 
y regulation. “There are several ways in 
electro-motive force furnished by a machine may be 
One is to shift the rocker nem carrying the brubhes ; but 
= severe sparking, and if used in some. are Tmaciones, 


| 





























| Never wwe cmory or vil on it. If it gots untrue 

of a perfect, eylindrical shape after some months’ uae 

bad sparking—it must be turned down smooth by the 
ithe-tool rest and tool. 

_ which are now generally made of carbon or fibre: 

‘must be carefully fitted to touch closely the commu 

é and the rocker-arm carrying them adjusted till there: 

rking at any load, Sometimes considerable Jabor raust: 

n kecuring freedom from aparking. After onee adjusted 

y will run for weeks without any forther ndjustment. 

she id be carefully watched, however, and if they show any 

parking they should be adjusted again till thie dieap- 















gn to the commutator and brushes, keep everything clean 
ry, and allow no oil except in the bearings, and n dynamo 
give no more trouble than any piece of moving 


CHAPTER XXXIl, 


TION OF ELECTRICAL ENERGY. 


and distribution of electrical energy are very 
L watersystem, where water ts pumyed from 
oir, taken from the reservoir Ynrongh.* “a 














the eame ect of bus bars, for by this 
d is light one machine will take eare of it, 


reases additional machines can be started upand cons 
| to the bus bars to take care of the increasing demand. 
int machines may be ran in multiple without any trouble, 
mily necessary to get the second machine at the same volt- 
firet by means of the rheostat in the field circait, and 
machine switch ean be thrown in, thus connecting the 
machine to the bus bars. When the machines are com- 
I, however, they do not work well together without some 
ti devices. Supposing that they have been thrown in 
tnd ench is taking its shuro of the loud as shown by the 
Ifthe speed of one machine diminishes owing to belt- 
age or any other cause, its electro-motive force will be ler 
e reading of its ammeter will diminish. The reading of the 
‘of the other machine will increase, more current flowing 
Therefore its series coils will produce more lines of 
14 raising its electro-motive force and making it take sti 
the load. This will continue till the higher pressure 
taking all the load and the current through the other 
ops to zero and reverses in direction, after which it 
us a motor by the other machine, Some device 
d 80 that if one machine increases in speed relatively 
er One, the increased current flowing will be sent 
e series field-coils of the lower speed machine, The 
ing figure shows the arrangement, called the equalizing 
nt commonly used. The equalizer connection, ms here 
the dotted lines, was first suggested by Gramme for 
esrind “by Mordey for compound. If made aut 
Wy, it will not only effectually prevent the reversal of 
ny of the machines so connected, but will, inm great 
equalize the work done by the generators under varying. 
vof speed. Any number of dynamos may be connected 

iia manner, and, even if they are of different eapacitics, 
vill give current in proportion to Ws rated OLN, 



























|. In this case the middle blade is 


wire, and is so adjusted that it closes 
just before the other two blades close their 


= j 
method is generally satisfactory, although it does not 
the load x0 perfectly as the following method, devised 
Mr. Edwin R. Keller. ‘This method differs from the 
jous one in that it will be seen that thix is accomplished 
connecting the beginnings of all of the series coils to an 
| bus bar, to which is connected also one brush of each 













coils of the machines will, at aif times, be proportional 
‘cupacities of the machines, provided the resistances are pro» 
med in euch a way that the drop of potential from the 
of all the machines to the bus bars will be the same at full 


1¢ diagram shows how this method would be arranged at the 

t ~The mode of operation would be as follows: When 
St is desired to throw in an additional machine the single-pole 

pis first closed. This completes the series field cireu 
have o current in the series coils of the new 
} Which will be proportional to its capa ‘The rheowtat 
nt circuit is then adjusted until the new machine gener 

je desired electro-motive force, After this is done the main 
1 may be closed without producing any further disturbance 

otive force of the system. 

disadvantages, however: it necess\aies wo wy 


=| 











ii Ferallats Systira.—Ln this’ syatéra, the. caifrent:fron the 
Taidivkled and flows through the lanips, end afterwadd 
rat oe See eae together and flow to the dynamos, 


to the pressure or voltage between A and B divided by the 

nee of the lamp. Now suppose one lamp is turned off; 

WI the brightness of the others be affected? Not if the voltage 

yon A and B is kept constant, for the resistance of each lamp 

tant, having no relation whatever to the fact that other 

turned on or off, Therefore the current through each 

the temaining lamps. is just the eame’as it was before the one 

waa turned off, And as the brillianey depends strictly upon 
it is likewise unchanged, 

P system is therefare a constant potential or constant. 
aystem, and also when ibuting direct: to lamps a low= 
system, In practice the pressure between A and # isnot 

nite constant ; but so long as the variation is not more than 

per cent. it isnot noticed by the eye. 

‘arrangement can, therefore, be somewhat modified so aa to 
asin these two figures. The wires 2A and DB are 
ders, the wires EF and @ H are called mains, and the 

from the mains to the lamps are called branches, 


igure tho middle lamp will buys — 








seach of the three cirovits leading from the bus bars. 
Modified Systems of Distribution.—It is very common in 
systems to put two lamps in series with. each other, and 
‘connect them to the mains, 
“especially when are iamps are 


‘used. ‘The reason ix that are 


_ their terminals, while most incandescent distribution is at 110 
‘volts, We should, therefore, be obliged, if only one are were to be 
“used, to put in series with it a considerable resistance, so as to use 
_ up the surplus 60 volts in forcing current through the resistance. 
_ Three-wire System,—An extremely important modification is 
‘the Edison three-wire system, which ix u device for obtaining the 
‘advantages of distributing at 
220 volts instend of 110, 
which, a8 we hall see, intro- 
duces a great saving in wire, 
without its accompanying dis 
advantages of grenter preastire 
at the lampe, If we put two 110 volt lamps in series with each 
‘ether and then connect them across the mains running froma 220 
yolt dynamo, we shall have a 220 volt bution system, using 
‘M6 volt lamps, which will work perfectly satiefactorily until the 
filament of some lamp breaks or till some ul t off. Then 
the mate to that Inmp, the one which was in series with it, will be 
To overcome this 


and 5 must now pare throug! four 
Jamps, so that 7,8, awh WO wh 
ive brightness and will be quiddly syed 

















‘are several different gauges in use, the 





dard in this country being the Brown & Sharpe (B, & S,). 


following table gives the principal gauges in use und their 


‘dimensions 


Wins Gavaxs is Mus, 
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lth of one inch. 
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‘hods of Carrying Conductors.—These may be divided into 
fisses : open work, where the conductors are in plain sight; 
meealed work, where they are hidden from view, Open 
ie used only in mills, factories, and similar buildings, where 
france is Axeeondary consideration. The wires are fastened 
elain insulators by means of ue wires. Wherever it is 
hry to pass through a floor or partition the wires pasa 
{h porcelain or glass tubes placed in the partition or floor, 
work has the advantage of chenpness, and moreover any 
ly detected and repaired, Concealed ‘work may 
subdivided into moulding-work, pores\ain-Kork, BA 





Bends are made by elbows and couplings or by 
ng the pipe. Such aeystem is practically obliga- 
fireproof-constructed buildings, and is used alto- 
of its high cost, 

Used on the Line.—A considerable number of de- 
into use on electric cireuits for making the die- 
electrical energy 28 convenient and as safe ns possible. 
are fuses, cut-outs and circuit-brenkers, switches, 

ceptaclea, insulating joints, dimmers, eto. 
is used to prevent wires being traversed by a current 
i Tc consists usually af a small 
ine soldered to two copper termi- 


wine being lel into two blocks having exch a threaded 
t~ 


ranutand washer. The smaller i 
le fuses ure put on with their copper terminals 
under the nuts, The safe carrying capacity of 
concealed work, as given by tho underwriters’ 

The fuses used ought to be such that they 

us interrupt the passage of current over the No, 

e cut if any accidental leakage should allow 

es to flow through it ; but aa practically the 

‘in size and intended to blow at this current: 

low atu smaller current-strength or a larger one, 
) 80 per cent. is allowed, and a fuxe wate Yo 
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is one by means of which the blades can be thrown 
fion with either of two circuits, [tix frequently used 
& building is to be lighted ™ 

of the time by its own 
‘Dut in case of emergencies 
be lighted by some other 










~ 


Single-throw Switon. Double-throw Switch. 


it, In such cases the hinged blade is connected to the circuit 
the buildings, the upper terminals to the plant of the build- 
ing, and the lower terminals to the outside plant, and wice versa, 
Knifeblade ewitches are those above illustrated, in which the 
jcuntact-making piece has a shape somewhat like a knife-blade and 
is aleo hinged at one end. 
| Snap switches are switches apecially shaped to secure greater 
leompactness, and are also provided with a epring which makes 
(the motion of the contact piece positive. Once started, it goes 
leither to the position of make or to that of break, it not being 
He for it to stop at a position of par- 
(Hal or imperfect contact. Snap switches 
(are provided with covers which prevent, 
persons from accidentally touching the 
re and thus receiving an electric 
For this reason they are used in 
and nearly nll locations except-on 
aod panel-boards. They 
sizes up to 100 ampdres; but ‘Snap Switch 
nove 25 ampires it is genorally advisable to uae 
jiches, as the latter ave much leas Vy 
fect contacts, broken paris, ee 





















‘The parts must, 

e enough to carry the current without 

heating. It is usual to allow, where the current 
ie ees ern evnarent Aioey 2 1000 wees 


ion, and for brass, whose specific re- 
that of copper, a less density depend~ 
‘copper in the brass, Where the current 
ct surface of two picoce, aa from blade to 
earefil workmanship is needed. The blades should 
in and should touch along the whole surfice of the clip. 
is the case a current of about 100 ampéres per square 
tact surface can be safely allowed, but for the ordinary 
(ip found on most switch-boards 75 ampires per square 
be safer, Where the contuct is made between two 
smoothly faced and parallel and held together by a 
ver size, a density of 200 ampéres per square inch of con- 
pean be allowed. 
are mechanieal arrangements for holding « lamp-bulb 
atill allowing it to be casily withdrawn, Eleetrieally 
contact between the two wires 
‘em und the terminals of the 
tat. Key-sockets have in ad- 
{ny single-pole snap switch 
‘rupts this contact, They are 
Terent styles to fit the various 
the principal of which are 
+ Thomson-Houston (‘T-H.), 
(ghouse. 
sles. —A receptacle originally 
‘socket made go as to screw to 
ceiling. Latterly the term in- 
ty useful device called the at- 
lug, which is employed where Westinghouse Key- 
1 to use current temporarily =omee 
(a flexible connection between the cixcu\t wna Ye wang, 


kb aa 











eect ne heated up to a consid- 
wid be mounted like any rheostat on slate 
Pictertasiaicaletible eubetance: 






"CHAPTER XXXII. 
“THE ELECTRIC LIGHT. 


When 2 current from a source of some 50 volts 
passed through the junction of two pieces of carbon, 
pieces are then separated about yj; inch, an intensely 
te light is produced, which is called the electric ans. 
heat produced the carbon on the positive side is 
ig burned in tho air, while a small amount is 
the negative carbon, There it is burned away 
the carbon already there, the rate of consumption 
¢ being, roughly speaking, twice as great as that of 















of the Light.—The intensity of the are varies 
ed at from different directions. Mensurements 
if’ plotted, letting distances from Yoo wre Teyee 








from the line to the positive Fare 


)thnugh a coarse wire coil and then th 





ried, to the other terminal of the lamp, and thence to line, 
usage of curront through the coil lifts an iron armature 
a8 the ense may be, to a certain distance depending on 
pof the current. This armature lifts a cluteh-device 
raises the upper carbon, The arc is thus etrack and the 
mp continues to burn, tho two carbons being gradually con- 
wed and the are becoming longer. As the are lengthens its re« 
e becomes greater and the current lew. This allows the 
ture to drop down # little, and the clutch tripping againat a 
‘lots the upper carbon slide through a little, thus shortening 
¢ ‘The moment the are has been shortened sufficiently to 
‘the current enough to lift the clutch off the tripping-stop 
ing of the carbon ceases and the Jamp continues to burn 
‘are again becomes too long. When several lamps are to 
ed in series they will not all feed at the eume time, so 
at the action of one would interfere with the others unless some. 
arent arrangements were introduced. In such cases an addi- 
magnet with fine wire coil is connected asa shunt around thé 
its armature arranged #0 that when lifted to a certain 
‘makes the clutch feed. As the are longthons ita reaist- 
sreases, and also the pressure between its terminals. Hence 
is sent around the fine wire coils, raising their arma= 
‘starting the feeding mechanism. 
Aros.—When the carbone barn in open air or in a globe 
able size (usually 12 inches in diameter) to which air 
eas, they are suid to be open arcs, Under such cit~ 
es the consumption of carbon is quite rwpid, an upper 













ile the lower or negative carbon lusts about twice as 
re a longer life, the device was tried of eucloalwg, 
tight globe or in a globe Aled with & “a 
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awhite heat in an atmoephers of some hydrocarbon, like 
[ gus. This cuuses carbon to be doposited most largely at the 
lest points, which are those of the smallest cross-section, ‘The 
‘nent is then attached to the platinum lending-in wires and 
ted in the globe, A mechanical air-pump exhauete the air 
@ the globe, and finally, by passing a strong current through 
filament, the latter, heated to incandeseence, burns away the 
nant of oxygen remaining. he bulb is then scaled up and 





Ediaon, Ta. ‘Westinghouse, 


platinum wires connected to the lamp-base terminals, ‘These 
‘of different styles, the three most common being shown in 
faccompanying ents. Finnlly, the lumps sre tested to see at 
(voltage they will give the candle-power for which they are 
nded. 





eandle-powers ordinarily made are 8, 10, 12, 16, 20, 24, 
pe 100, and 150, though it is unusual to find the last two 
fare lamps being eubstituted for them, A» the lamp con- 
(es in ue ite candle-power gradually diminishes, owing to the 
baition of carbon from the filament on to the walls of the 
be the layer of carbon absorbing the light rays, so that after 
Iw hundred houre’ burning the lamp must be replaced by a 
i. The curve on the next page, obtained from tests on 
Tamps, shows this action plainly, 

yoltages for which lamps are usually made are as follows: 
50, 51, 52, and co on up to 60; 70, Ty TL, and ay oH, 
up to 125; and from 220 w 260, Ln Ye stages 














bring only the two nearest lamps, 
ht Jampe at centre. If, as in the figure, we mass the eight 
it the centre, the minimum illumination, which now will be 
at the corners of the room, will be 
8X16 128 
axa ~4ay oe 
which is very much less minimum 
illumination than we obtained before, 
and which shows very clearly that 
for the given expenditure of energy 
we will get a much greater minimum 
illumination ns well a3 © more uni- 
form illumination by distributing 
id of massing them at one point, 
‘of Light Required.—This depends on the purpose for 
‘room is used and the color of the walls, We should 
hat to wet the greatest umount of illumination from the 
nditure of energy requires that we should subdivide owe 
the other hand, this increases the coat of installation, 
t tuke both of these matters into account. In arrang- 
iatribution of lights, we may, for private houses, whose 
do not vary much from LO feet in height, make use of a 
n based on the number of square feet to be allowed to 
“power light. The following tables will give an idea 
hich may be obtained from various Uevdtetiown | 
























Fat ersabaterto wok bum ce ce 

lights aro well distributed, .03 @ p. 

illumination ; .04 ¢. p. per cu. ft, gives bright 

Sion. We should aim not to have light staring in the 
therefore no chandeliers in centre; while lamps on gal- 
‘©uld have opal globes whose absorption is about 50 









= 
nt Light, 1 16 candie-power to 25-60 aqunre feet. 

1 2000 candle power every 15 feet or 225 square fect. 

1 2000 candle-power every 30 feet if Uke store is narrow, 
‘ts.— 

‘feet high. 

1 2000 cundlo-power to every 40 feet or 1600 square feet, 


CHAPTER XXXIV. 


ELECTRIC MOTORS, 


MCALLY any direct-current dynamo, if current be supplied 
Hi operate aa a motor, and a well-designed dynamo will 

motor, Certain alterations in winding and in 
tails are made in motors to improve certain qualities 
§ be specially desired. ‘The motor will not necessarily 
‘he same direction as it did as a dynamo when current 
rough it in the same direction. For example, a series 
when operated asa motor will run in the opposite diree- 
0 that which it had as a dynnmo, and to make it turn in 
} direction it is necessary to reverse the direction of cure 
ough the fields or armatures. A shunt machine used as a 
ill turn in the same direction that it had as a dynamo, 
tg the direction of current supplied to either, ax by inter. 
| the connecting wires from positive lo negative sides of 
‘will not change the direction of rotation of either series 


i To reverse them it is necessnry to rexeree Yas 





=r ites 
ivaevcistereruts necessury on sturting to put a consid- 
resistance in series with the armature, on account of its 
resistance, which will yary from yhy to ygoy of an ohm 
ling to ita size. Such low resistance thrown neross: 
would cause an enormous current, which would injure 
utator and brushes by sparking and the armature coile 
As the machine speeds up the resistance may be out 
because the armature, which is turning in a magnetic field, 
)an electra-motive force opposite to that of the circuit, 
‘tends to cut the current down. This electro-motive force 
d the bach electro-motive force of the motor, and is always 
| the elevtro-motive force of the circuit by the amount 
to drive current through the armature. It is, of course, 
onal to the speed of the motor, and its relation to the 
a foree of the circuit is as follows: Let 2 be the 
re of the circuit at the motor terminals, J? the resistance of 
ture, C the current flowing; then the buck clectro-motive 
EO R. Starting resistances, or starting boxes as 
‘are called, are usually not deeigned to be left in cironit 
j the few seconds needed to get the motor up to speed ; 
de of wire lurge enough to carry the currents without 
4 they can be uscd for regulating the speed of the 
specially stipe boxes are called speed-regulating, 








n the magoet ee the spring pulls the rheostat arm 










4 ‘Speed & Motore:—Motors may be cbtnined of any 
size, voltage, and speed. ‘The eommercia! sizex are from 
4. 4, 1, 2. 8, 4, 5, 74, 10, 15, 20, 25, 50, 75, 100 horse 
and upward. The standard yoltuges are 110, 220, and 
operating on voltages from 110 to 125, 220 to 250, and 
550. As to apeed, there is no such thing as standard 
tage the speeds of the different manufacturers 
Tt should be understood that with motors, as 
the speod at which a certain size shall ran detor- 
_ Por example, a machine of such size and wind- 
give 100 horse-power at a speed of 500 revolutions 
‘will give only 50 horsepower if the winding be 
t it will run at half that epeed. 
generator, us its nume indicates, is a combined motor 
rator. The most ensily understood form would be a 
be designed for any voltage, apeod, and power, 
to the shatt of 2 dynamo designed for the same 
or any yoltage and the same output as the motor. 
hine has two distinct commutators, brushes, arma- 
d fields. By using 2 common armature core and fiold, 
the two seta of armature windings on the sume core, 
course, carefully from each other, the compactness: 
is vory much improved, and this is the arrange- 
rn direct-current motor generator. Its yrinci- 


lll 
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‘netion. To form positive plates two wre taken and 
ded in dilute gulphuric acid and a current ent through 
‘One of them becomes coated with a reddish-brown sub- 

wwe, Which is peroxide of lead. Hydrogen bubbles collecting 
the surface of the other attack any oxide that may remain on 
other plate and leave aelean surface of lead. After the plates 

e been charged the charging current is shut off and they are 
harged by connecting them together. They are thon charged 
gain, the oxidation of tho first plate going to a groater depth 
before. As this peroxide is the active material of the cell, 





Negative Plate. Storage Cell, 


amount of it prodaced determince the cupucity of the ell; 
‘the plates are alternately charged and discharged, 80 
Jayer of lead which becomes oxidized during the charge 
‘a deep ns possible. Thore is a limit to thia depth, be- 
ch the chemical actions will not penetrate, and when this 
ehed the forming process is stopped. ‘The peroxide plate, 
reddish in color, is the plate from which current flows 
discharge, and is called the positive plate. The gray- 
plate is the one toward which eurrent flows during, Mie 
Js consequently called the negative yale, Sx was 


i 
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to metallic lead, and with each charge and 
‘the cell these chemical, uctions take place. ‘Tho 

tro-motive force of the cell rises ns the charge increnses, aud 
can best be seem by plotting a curve, as in the ae 

Panying dingram, which shows the variation of cloctro-motive 

@ through 2 complete charge and discharge, 

(apacity of Storage Cells —The unit of capacity is the 

Arehour, and w cell of 50 ampérehours’ capacity is one 
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Rate of Discharge—Ampbres. 
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discharged at its normal rate gives our such « number 
a number of hours that the product Moe warm 
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ition. ‘This rod can be operated by hand or by an electro- 
met connected so az to be pulled up when any push is 
pressed. In this case all needles 
previously standing vertical assume 
the horizontal position, and then the 
noodle corresponding to the button 
pressed turns into the vertical posi- 
tion, This arrangement is called 
the automatic set-back. The accom- 


panying diagram thows the con- 








Prep 
Automatic 
Seba 
i 
7 Signal Pell. 
| Annunciator Drop. Annunclator System, 


b 
tions of au annunciator system. To attract attention the sige 
bell is added, 20 connected that when any push is pressed it 


fhe return-bell annunclator system, which ix like the simple 

[Gteiator system, with the addition of a wire between each push 

[the anouneintor, ix shown in the diagram on page 762, 

Attachment.—A device for closing simultaneously 

“or all of the circuits ringing the distant bells as may be 

is frequently added for annuncistors used in hotels and 
houses, 








systems are similar to simple annunelator egy 
addition of a bell in an auxiliary creo whee | 








to wood-work with staples or held by a piece 

und the wire and tacked to the wood. In fire 

constructions, however, the wires ure curried in conduit, 

should be of the iron-armored variety. The prevailing 
is to carry as many wires as ie desired in one tube, 


CHAPTER XXXVII. 


‘THE TELEPHONES. 


phenomenon of sound is caused hy vibration of the par> 
of air; its pitch is dependent upon the number of vibrations 
its loudness on the wideness of those vibrations, and its 
‘that property by which we distinguish tones of the sume 
oudness, upon the form of the vibrations, This last point 

rhat difficult to understand, Suppose that a mass of air is 

on by a tuning-fork, and that we study the motion of 

la particle of air by plotting on a fint surface. Let distances 
ht of the vertical represent time, and vertical distances 

nt the distance which the particle has moved through at any 

The motion of the particle would he represented by the 


in the figure. Distances above the horizontal corre- 

¢ motion in one direction from its position of rest, and dis- 
low the horizontal represent similarly motion in the «p- 
Tf we set, the air into vibration by means of a 

ing, the shape of the wavy line would be very wach, 
second figure. To perfectly reproduce evans Y 


= 








e receiver, the action is as follow: 
‘the diaphragm of the transmitter into vil 
P the fron near the magnet-pole alters the position and density 


the coil of the 
diaphragm 

in the receiver 
transmitter dine 


way to produc the wary- 
is to nee a constant clectro-motive force, hot eromoy- 
¢ varied by the soundewave and Waxing, We PN 








thods of Calling Up.—For short lines « return-call boll 
tem is employed, but for distances over two or three hun- 
feet either specially wound bells or a magneto-call must 
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‘system, plus two wires in addition, while some of 
‘require three wires. They may be operated with a 
ery or magacto-call, though usually using the former. The 
roquirement which they should fulfil is that after finishing 
ersution it shall only be necessary to hang up the receiver. 
e systems require also that a switch-handle shall be returned 
the eame place or that a plug shall be putin a certain hole, 
That station cannot be called up by others. Such an ar- 
yement, however, is fatally defective. For numbers above fif= 
m or twenty it is rarely desirable to use the intercommunicating 

fetem, although much Jarger systems are in operation. 
Exchange System.—In such systems two (or sometimes three) 
” run from each telephone to a central point, at which an 
ator sits, whose duty it is to connect the lines of any two tele- 
means of 1 convenient switch-board und to disconnect 
n when they have finished talking. The connections are made 
a pair of flexible cords, called talking cords, which are 
to plug-shaped pieces. The signals of the person calling 
made on an ordinary anounciator if a battery call is used ; 
& in general a magneto-call is employed, a special form of 

p is user. 

drop is made in many different forms, one of which is 
ed in the cut, The shutter $ has on its face a number 


ToTeterhone 


‘attached to the armature of the coil is moved out of the way 
itter falls, calling the attention of the operator to that 
Fiber. The operator puts one of a pair of talking 
ion with the calling telephone, as shown in the 
he plug when pushed into the dvop separates Oe 
and one wire of the cord is connected Wo ~F 








rs tnay talk together without interfering with each other. 
alee numerous additions and modifications to 
ich f ‘made in order to make the operation of 
sad gainer cand loss liable to error. For example, the fall- 
-of a shutter is made to close an auxiliary cirenit nnd ring 0 
or light 2 lamp to call the operator's wtteotion, and w power 
or ix used sc 


may an electric current be produced ? 
hat is a battery? 
il is usually employed for one ae a battery? 
What kind of « eclution is genorally om ployed? 
What are come of the effects an electric current will 


BeWhat is an enodeh A cl 
How can the direction 
Aetermined? 


What is an we 
‘What is the funda 


n how the idea of electrical resistance has arisen 2 
doos 0, m. f, mean? 
‘are the throe principal electrical units, avs what axe thas 


« 








board, and for what is it used ? 
‘ibe the ground detector, 
n the purpose and action of a circuit-breaker. 
plain how to ran two dynamos in multiple. 
cribe the series system of distribution. Stute disadvantages. 
penis the parallel system and state ite advantages. 


res Us 
“Explain the methods used in insulating conductors. 
eee the various methods u ‘ing electrical con- 


: What isn fuse, and what is its purpose? What is @ cut-out? 


What is a eocket? A receptacle? Deseribe the Chapman. 
Why aro insulating joints used? 
What is a dimmer? 








PART =X. 
S AND TABLES USED IN CALCULATION. 


CHAPTER XXXVI. 
netic is the art of computation with numbers or known 
ntitics, It comprises various operations, such as addition, aub- 
a multiplication, division, powers, roots, ratio, proportion, 


Signification of Signs Used in Calculations, 
Bbaiiies Equality, = 3 added to 2= 5, 
Addition, 
Subtraction, 
Multiplication, 
Division, 124 ra 
2 is to 3 so is 4 to 6 


ough treutment of the sub> 


am 
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— lam cere chet chee meummter sider ix is te be eeided to the 
mummers ere x: ims J — tan 

— wom, cen cine ior mer aide ic is to be suliretel 
com ce mmmoer melee Xx. im 5— 4s L 

© ‘waioniest 20 cmenme chet che mumber before 
wien 3r te mumper ater x. im $ x 3 are 
— advent 70 seme chet chee sme bere ix is to be divided 
av te rumor ater x: im } + 3. red 

seme eve inet ir emma i is of the mms 

vam: & Se mY beste S: im, 3 + 6 = IL 

‘Slere are so syummmmiut znmmtium teed im arithmetic, the Arabic 
ami ae Somca Te cme 3s de tamifier one, based on the 
furs 


to be mal 





LELLALETERG 
ane 7. ip nure -£ waiea -vimed gether make a number. The 
Zataut = 20 umger soed om caicmamiam: bat is frequently ox 
presi m rumoersme a che peimeipal descets of this ayr 
RM oy chit ¢ las qw somuwi de Ge Gober. 

SWAY YOTATION. 
aacacters Tepresear in Roman notation the 
















sumbining these signs thus: 
seen. MEII: twenty-one, XXI, ete. 
quiz 2¢ivavemte will make this clear. 


Sem, amNe Roman. 
xx rm LxXx 
XXI a LXxXXxXx 
XXX 9 XC 
XL 9106 XCI 

L 10 206C 

Ww 101 cL 
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hid ye pee 83 
6 is to 3, and means the numerical relation which 6 bears 
ratio of two quantities is measured by the quotient ob- 
in dividing the one by the other. For this reason it may 
written in the form of a fraction thus: 
6:3=$=2; 
is, the ratio of 6 to 3 is equal to 6 divided by 3, which equals 2, 


& a proportion, which may also be written 
O:8::4:2 


or, —) 
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‘Yo fied the ether mean, we maltighy 8 by 12 and divide by 4 
8x12 
Sa =m, 
which is the ther pom. 
Exumplc—If ix veyuiaes 2 25 horse-power engine to run 
weeks of 2 certain kind, how many horse-power will be required’ 
wan 34 weeks of the anme kind? 





Tnmead of using am interrogation point to represent the 
known term, it is contemmary to we the letter 7. 
FRACTIONS. 
‘Te redece from commen or vulgar fractions to decimsl fne| 
tema, amex ciphers to the mumerator and divide by the dena 
mer. The: -1-+ 16-0625. 


Taste of Vrusar asp Decrwat Fractions oF as Isca. 





Veter Devinal Vulgar Decimal ‘ Volgar | Decimal 
Fraccoes Fractions Fraenons Fractions’: Fractions Fractions 
iar. Inch ofam Lech. ofan Inch. ofan Inch. ofan Inch. ofan Inch. 





& rf 
wy i ae 
i " a 
tak 4 
an gs ts 
ae Wak 
das 7 

ie tb 





= 
a 
wt, 
i 
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In the first column dy dy meam yr Hs A wes dt & 





2x2K 2x 2=16, 
usually written with a small numeral at the top, thus: 
‘37, means three to the second power or 3 squared. 


8x3x Sx Bx d= 243, 


Roots. 
root is the reverse of a power ; thus the third or cube root of 
27 means the number which, multipled by itsclf three times, 


with a small numeral indicating 
VIT26 
a the cube or third root of 1728, If no numeral is placed in 


often this divisor is contained in Vos 










suas case asten 
and 
2 period subtract 








‘oy three hundred for s 
tained in the dividend, and 
ae res he wat, 

crial divient tainty times the prodad, dase, 






figure, by the onitsfig- 
quare of the Jast figure for # true divisor. 

the true divisor by the last figure of the root, subtract 
ict from the dividend and to the remainder bring down 

he: next period for u new dividend. 
® the square of the root figures already found by three 
h d for a now trial divisor and proceed as before until all the 

periods are brought down, 

‘Nore.—W lint has been said in the note afler the rule for extracting aquare 
npplics also to cube root, except that two ciphers must bo placed at the 
‘of » true divisor, instead of one, when it is not contained in the cor 


les given above, An explanation of the use of loga- 

ill be found further on in this chapter, and the student 
repaid for the labor required to waster them by the 
‘will derive from their employment, 
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‘TABL B-(comnucd) 
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11.7898 261 
ILBS21 596 
IL8743 421 
11,8163 753 

9582 607 


12. 

12,0415 946 
12.0880 46 
12.1243 557 
12.1655 251 
12,2065 556 
12,2474 457 
12,2882 057 
2. 28 
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a —TABLE-(Ontinued) 

OF OQUARES, CUBES, AND SQUABR AND CUNE ROOTS, ETC. | 
fester] Equre 








Cute, 


; 















SSeaaases 
PEEELE 
Sesee 











6 | 20 8116 
7 | 29 02.09 
80 03 Ot 
| 30 14 OL 
| 80 25.00 
2 56 Sh LoL 
Fa 196 608 
| 30 58 00 12 377 
60 16 O31 464 
80, ¥ 170 958 875 4 
= OL 33.5796 522 | “By: 
02 49 23,6008 474 | 3.2278 254 
(81 18 OF 23,6220 236 | 8,2327 
" at 24 BL 1 808 | 8.2376 O14 
86.00 25.6045 191 | 6.2425 706 
8h 47 21 28,6854 886 | 8.2474 74 
“S158 it 1.7065 302 | 8.25628 715 
“81 69 69 | 178 403 547 | 237276 21 | 8.2572 635 
“$180 96 | 179 408 Idd | 95.7486 842 | 8.2621 492 
“BL 92 25 | 180 362 125 | 237 5.2670 294 
82 03 66 | 181 821 496 | 23.7907 Sab | 8.2739 039 
32 14 89 | 182 234 29.8117 618 | 6.2767 726 
“82 28.94 | 189 250 432 | 3.8327 506 | 8.9816 255 
82:87 G1 | 184 000 | 23. 8.2864 028 
| $2 49 00 | 185 193 000 | 23.8746 728 | 8.2013 444 
| 82 60 41 | 186 169 ALL | 23.8906 063. | 5.2961 903 
/82 71 84 | 187 149 248 | 25.9165 215 | 5.3010 304 
83 29 | 188 182 517 | 29.9374 184 | 8.3058 651 
92 9476 | 189 119 224 | 23,0582 971 | 8.3106 S4L 
06 25 | 190 100 875 | 25.9701 576 | 8.9155 175 
| 83.17 76 | 191 102 976 | 24, 5.8203 353 
83:29:29 | 192 100 033 | 24.0208 243 | 8,325) 475 
| 83 40 BA | 193 100 552 | 24.0416 S06 | S299 542 
B2 41 | 194 104 539 | 24.0624 188 | 8.9817 55S. 
83 64 00 | 195 112 000 | 24.0851 891 | 8.3395 509 
Se G1 | 196 122 941 | 24.1039 416 | 8.3443 41 
‘87 24 | 197 197 368 | 24.1246 702 | 6.3491 256 
$3 98.89 | 198 165 287 | 24.1453 990 | 8.9580 047 
34 10 56 | 199 176 704 | 24.1660 919 | 8.3586 784 
| 34-92 25 | 200 BOI G25 | 24,1867 732 | 8/3634 466 
pase 96 | 201 220.056 24.2074 369 | 8.86K2 O80 
45 69 | 202 262 003 | 24.2250 829 | 8.3729 668 











2 sha late ep Se 
ind 33, On pages T and 8 we have the foriula h~ gs 


height from which a body will fall in avy number of 


a seconds it has been falling. 
‘g=acceleration produced by gravity, which by experiment: 
» we know to be about 82.2 fect per second. 


= : 
[3% written out in Full woul be? “Jor, in word, y meltplied 


slied by f, and the whole divided by 2. The 
gigns are omitted in writing a formula, but are 


Thus $ meuns 8 squared, or 8 X 8, 
and = 8 cubed, or 3X33, 
eof *  taquared, or (Xt 


‘represented by the letter is t 
T means 3 x T, und if T had a particular value of £ 
d equal 12 feet. 
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Example —If a certain number is increased by 16, the sum will 
be seven times as great as one-third of the number. Required the ' 
number, Let z= the number. ! 
Then since (x + 16) is seven times as great as one-third of the 
number, we have 
(2+16)=7X42, 


or 2+16=U% 


First multiply every term by 8 to clear the equation of fae 
tions: 


324+ 48=T72. 
Transposing and collecting terms: 

48=42, 
and hence z= 12—Answer, 


Example.—If the circumference of the driving wheel of a loco- 
motive is 18 feet and that of one of the car wheels 6 feet, how fur 
will the train have moved when the car-wheel has made 500 revo- 
lutions more than the driving-wheel ? 

Let x =the required distance. 

For each revolution of the driving-wheel the train moves a dis 
tance of 18 feet, and for each revolution of the car wheel the 

rain moves a distance of 6 feet. Hence we have for the number 
of revolutions made by each, while the train is moving over the 
distance x, 


and i respectively. 


2 
18 2 

But the required distance z is traversed when the number of 
revolutions of the latter is 500 more than the former. Hence we 


write the equation : 





* 4 500=2 
zg + 00 e 


‘To clear of fractions, we multiply every term of the equation 


2+ QW =32. 
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Annex 9 to 628, making 6289. Since the characteristic is zero, 
there must be one figure to the left of the decimal ; therefore we ' 
put the decimal between 6 and 2 and obtain for the answer 
6.289 as the number corresponding to the logarithm 0.79804. 


To multiply by logarithms : 
Rule.-—Add together the logarithms of the factors, and the 
sum will be the logarithm of the product. 


Example.—Multiply 79600 X 0.435. 


log. 79600 = 4,90091 
: 63848 —1 
5.53939 — 1 = 4.53939 = log. 34690 
34690— Answer. 







To divide by logarithms : 

Rule—From the logarithm of the dividend deduct the loga- 
rithm of the divisor, and the difference will be the logarithm of the « 
quotient, 

Examples.—Divide 43800 by 368. 


log. 43800 = 4.64147 
log. 





Divide .05638 hy 250. 
log. .05638 = 0.75112 
log, 25 = 2.39794 





8.75112 — 10 
y794 
35818 — 10 








Or -35318 — 4 = log. .0002255 
.0002255— Answer. 


to Powers—Involution by Logarithms.— 
Itiply the logarithm of the number by the power to 
ber’ * and the product will be the logarithm of 
suber. 


leat errant et 


et | 
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TABLE 


UF LOGARITHMS OF NUMBERS FROM 0 To 1000 




















62810 
iam 8| 
71516" 
72H5 &) 
Neotel 
73957 
Maat 74741. 
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is the surface included between an are and the chord 
the surface included between an are and the radii 
ends, 


m bsaglt ro whowe faces are similar polygous, 
iIcl planes, and whose other sides are parallelograms. 

polygons are eslled the buses of the prism. 
right prism these vt! sides are rectangles, the corre 
of the polygons being vertically over each other, 
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by half the diameter, the product is the aren; or mul- 

the diameter by the circumference, and divide by 4; the 
tient is the area. 

Fo find the area of a sector of a circle, multiply half the length 

are of the sector by the radius. Or, multiply the number 

in the arc by the square of the radius, and by “008727. 

find the arca of a segment of a circle, find the area of the 


are; the difference or the sum of these areas will be the 
‘of the segment, according as it is less or greater than a semi- 


find the area of au ellipse or oval, multiply the long diame 
‘ag the short diameter; multiply this prodact by “7854, and 


find the circumference of an ellipse or oval, add the 
Jong and short diameters, divide the sum by 2, extract the 


root, and multiply by 51416, 
d the area of any irregular figure divide it by parallel 
equal distances from each other. ‘The small sections thua 
d may be considered to be trapezoids and thelr areas sepa 
x ted by the rule for trapezoids, ‘The sum of the arens 
‘assumed trapezoids will be quite accurately the aren of the 

re. {fw planimecer ble, th 

er method is to draw or copy the figure on cross-section 
of smal! squares enclosed by it, com- 
the total aren from: their number. 
or w cylinder, the perimeter of 
the upright surface; add 


cone, multiply the per= 
it height, aud add the area of 
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a en of a spaere, om thre 
Sais Pact <wive the Aeivht of the 
os +7 52 Sete © cae square of the height 





5 a srastum or zone of a spher,— | 
Se cui or the ends add onethinl | 
'¥ the sum by the height and | 








ix the square of the d- 


+ Wy wement or zone of a spher, 
Here dy the height of the zone ot 








‘ats of a sphere, multiply the cube of 








spheroid. multiply the square of the 


xis and the product by | 
of any irregular solid, fill a vessel to | 











the bedy in the Water, catching the 

, ; and measuring it, 

Fo find rhe rutin contents of @ cask, multiply the square of 

the nein diameter by the Tength in inches and by ‘0034. The 
will be the approximate number of U. $. gallons which 
ad 











Dram. ArRA. 





‘0625 | 0030680 
065 | 0033183 
O70 | 0085485, 
O75 | “0044179 
080 | -0050266 
085 | 0056745 
090 | 0063617 
095 | 0070882 
“100 | -0078540 
125 | 0122719 
150 | 0176715 
"200 | 0314150 
"250 | -0490875 
"300 | -0706858 
350 | 0962115, 
400 | 1258637 
450 

500 


“0011946, 
“0012566 
0013203 
“0013855 
*0014622 
0015205 
“0015904 
“0016619 
0017349 


& 





674515 
“6361725 
“950 "7088285 | 


E 



































































fs sphere— 
one-third 


he zane or 





the cube of 


rhe square of the 
iY 8. 
- Hil a vessel 0 
warir, catching the 


——— > 








Eply the square of 
bes and py 0034, The 
ber of U.S. gallons which + 
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+ TABLE 
OF DIAMETERS AND AREAS OF SMALL CIRCLES. 
= 
w | Area, Diam. | Anza. Dim. | Anza. 

0000008 || 027 | 0005726 |) 0625 | -0020680 
0000081 028 | 0006158 065 | -0033183 
| 0000071 029 | 0006605 || “070 | “0088485 
“0000126 030 | ‘0007069 075 | 0044179 
“0000196, 031 | 0007548 | 080 | 0050266 
0000283 || -03125) 0007670 || 085 | -0056745 
0000385 || -032 | 0008043 || 090 | 0063617 
0000803. 0383 | 0008553 095 | 0070882 
0000639 | 034 | 0009079 | "100 | 0078540 
| 0000785. 035 | 0009621 125 «| 0122719 
000950 036 | 0010179 || 160 | -0176715 
| 0001181 087 | 0010752 || 200 | -0314159 
Q001827 || 038 | 0011341 || 250 | -0490875 
0001589 039 | 0011946 "300 | -0706858 
0001767 | -040 | 0012566 || “350 | -0962115 
ONOLNT 041 | 0013203 || “400 | -1256637 
0002016 042, | 0013855 450 | 159043, 
| 0002270 || 048 | 0014522 | ‘500 | 1903495 
0002545, “O44 | 0015205 “B50 2375835 
| 0002835 045 «| 0015904 “600 ‘2827440 
| 0003142 |) 046 | -ooi6si9 || “650 | -agisai5 
0008464 || 047 | -OOIT349 || “700 | ~BS48441 
0003801 048 | 0018096 750 | 441 78TO 
| 0004155 || 049 | 0018857 | “800 | 5026548 
0004524 050 | 0019685 "850 | -bB74515 
70004909 055 0023753. 900 | 6361725 
| 0028274 | ‘7088235 
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TABLE —(Gnitnvet) 
JONTAISING THE DTAN., CIRCUMFERENCES, AND ABEAS OF CIRCLES 
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TABL E—(Owiewot 
CONTAINING THE DIAM, CIRCUMFERENCES, AND ANEAS OF CIBCLES 





Dia, | Omer | Ame |) Draw 


1360.8159, | 








| :1572.8125 | 
| 15810115, 


| a | 





sf 
132.7326 
133.5180 
184.3034 

| 1374450 
88,2804 

| 139.4085 
140.1 
1 

| 







































‘THE EXGINEER’S MANDY-BOOK, 
TABL B-(ominvea) 





8652.0185 
8505,9374 
8578.4787 
3591.7446 
8605,0350 
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TABLE — (Gmuinued) 
JONTALSING THE DIAM., CLECUMPERINCES, AND ABEAS OF CIRCLE, 
ey | 


Pu | Com | dmee |) Dua | Crom, | Amea 








270.6708 | 6825,7168 
270.9630 | 5842.6876 
271,8657 | 6859,6871 
a 271.7484 | 6876,6601 





3 
& 
z 
Ss 
= 
Ei 


292.1688 | 6792.9248 
292.5615 | 68111978 
292.9542 | 68294027 

S107 








TRAV | 6169-8876 
278.5170 | 6186.29) 
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igi sa80s23 S225 205 R2EEEE 
Nes patet nga nes i eepee egl steel bth: Steet eee abe 
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Weights and Measures, 


There have been innumerable systems of weights and measures, 
‘each country, until recently, having its own, system, In fuet, in 
former years different provinces of the same country often used 
widely differing systems. Of late years, however, the tendency has 
been toward the adoption of a common decimal system,—that is, a 
system in which one unit containe ten of the units of the next smaller 
denomination. ‘The metric aystem, which is a decimal ayetem, based 
on the meter, a certain fixed unit of length, and the gram, the 
weight of a fixed volume of water ata certain fixed temperature, 
thas beon adopted by many of the European and American coun- 
‘tries. Grent Britain and the United States, however, still retain 
their old sysiem of weights and mensures, but it is to be hoped 
that the much simpler metric system will be adopted in time, The 
following tables contain the units in both systems and their 
equivalents. 

American System. 
MEASURES OF LENGTH, 











& —Acren |S, Chains. | Sq. Rods. | Sq. Yards.| Sq. Feet. 
eee sos 
1 | "tea" 
ou 
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MEASURES OF CAPACITY. 
DRY MEASURE. 





coub. Yard. | Bushela. | Cub. Feet. | Pecks. | Gallons, | cub.ind 
1 | 21.6962 | 7 100.987 201.974 46656 
0.03961 | 1 1.24445 4 9.30918 2150.42 
0.037037 0.803564 1 3.21425, 7.4805 1728 
0.009259 0.25 0.31114 1 2.32729 537.605 
= 0.107421 | 0.133681 | 0.429684 1 231 


—— | 0.000547 | 0.001860 | 0.004329 1 





LIQUID MEASURE. 













































Gallon. Quarts, Pinta, Gills, Cub. Inch. 
1 4 8 32 221 
: 1 2 8 57.75 
0.125 05 1 4 28.875 
0.03125 0.125 0.25 1 7.21875 
0.004329 0.017315 | 0.03463 0.13858 1 
MEASURES OF WEIGHTS. 
AVOIRDUPOIS. 
Ton. Pounds, ‘Ounces, Drama. 
1 | 2240 35840 573440 
0.05 jue 1792 28672 
0.00044642 ; 1 16 - 256 
0.00002 0.0625 1 16 
0.000174 0.0016 0.0625 1 
TROY. 
Pounds, Ounces. Dwt. 
1 2 240 
0.083333 1 20 
0.004166 | 0.05000 1 
0.001736 | 0.002033333 | 0.041666 
1.215275 | 14.58333 201.6668 
APOTHECARIES, 
Pound. ‘Ounces, Drams. Seruples, Grains. 
12 96 288 5760 
1 8 24 480 
9195 1 3 60 
aah | 0.3333 1 20 
4 BS 





VOLES ON 
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Metric System. 
MEASURES OF LENGTH. 

10 millimeters (mm.) = 1 centimeter, 

10 centimeters, Idecimeter, dem., 
10 decimeters, 1 METER, me, 
10 meters, 1dekameter, dkm,, 
10 dekameters, 1hectometer, bm., 
10 heetometers, J kilometer, — km., 
10 kilometers, 1 myriameter, mym., 


MEASURES OF SURFACE, 
100 29. millimeters (mm!,) =1 49. centimeter, em? =.00155 
100 eq, centimeters, 1 sq. decimeter,dem’,, .1076 sq, 
100 sq, decimeters, sq merer, mi, 11.96 sq, yd. 
Al 


100 centiares (ca.), or aq. me.,—1anz, ar,— 119.6 aq, ya. 
100 ares, Lhectare ha, 2471 acres, 
MEASURES OF CAPACITY. 

1000 ou. mitlimeters (mm’.), 1 cw, centimeter, cm*., = .061 cu. in, 

cu. centimeters, 1 eu. decimeter, dem’. 
1000 cu. decimeters, 1cu. METER, am, 
Also, 
(des.) =1 3TERE, or cu. meter, st., = 1.308 eu. yd. 
1 dékastere, dks, 13.08 eu, yd, 
And 
LIQUID MEASURE, 
=Leentiliter, cl, =.888 fluid ox. 
Ideciliter, dehy 845 lig. gill. 
11rrer, It, 
Idekaliter, dkl., 
Lheetoliter, bly 
Lkiloliter, =, 
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MEASURES OF WEIGHT. 





10 milligrams (mg.) =1 centigram, og., =.1543 grain. 
10 centigrams, Idecigram, deg. 1.543 grains 

10 decigrams, 1Gram, gm. 15.432 grains 
10 grams, 1dekagram, dkg., 3527 av. oz 

10 dekagrams, Lhectogram, hg, 3.5274 av. on 
10 hectograms, 1 kilogram, —k., 2.2046 av. Ib. 
10 kilograms, 1 myriagram, myg., 22.046 av. Ib. 
10 myriagrams, 1 quintal, qs 220.46 av. Ib. 
10 quintals, 1 tonneau, t, 2204.6 av. Ib. 


COMPARATIVE TABLE OF THE ENGLISH (AMERICAN) AND METRIC 
SYSTEMS. 







Aninch = 2.54 centimeters, .| A gallon 
A foot 30.48 centimeters. | A bushel 
Amile =1,6094 kilometers, | A cu. inch 


0006452 sq. meter. | A cu. yard 
0929 sq. meter. | A cord 
A sq. yd. =.8362 eq. meter, | A grain 





529 are. A Troy Ib. 
Anacre =.4047 hectares, | Anav. Ib. 
A sq. mile = 259 hectares. Accom, ton =.9071 tonneau. 


MISCELLANEOUS MEASURES. 
1 cord =4 ft. x 4 ft. x 8 ft, = 128 cubic feet. 
1 knot or nautical mile = 6080.26 feet. 
1 gallon (U.S) 31 cubic inches. 
1 barrel 
1 hogshead 








1 pound avoirdupois 000 grains. 
1“ troy 760 
1.“ apothecaries = 5760 
1 board foot = 12in.X 12 in. 1 in, thick. ¢, 


in board measure, boards are assumed to be one inch thick. Hence 
> find the board feet in any piece of timber, multiply length in 
by breadth in feet by thickness in Waehes, 
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QUESTIONS. 
‘What does the sign + mean? 
What is the sign of » proportion? 
What is the Roman notation corresponding to 27? 
What does 4:2 mean? What is it equal to? 
What is the rule of three? 
What is the sixth power of 5? 
What is the cube root of 125? 
What is the square of 10.1? 
What is the square root of 198 from the tables? 
Find the value of z in the equation 102+ 9=4 2+ 21. 
What is the logarithm of 74.6? 
Divide, using logarithms, 64.2 by 2.34, 
What is the 10th power of 1.2? 
What is the square root of 8.64? 
What is a regular polygon? 
What is a hexagon? 
Define a circle. 
Define a sphere. 
How would you calculate the area of any parallelogram? 
How find the area of a circle? 
How find the cubical contents of a cylinder? 
How obtain the volume of a sphere? 
What is a spheroid? How obtain its volume? 
How obtain the area of an ellipse? 
Give rule for obtaining the volume of a pyramid. 
How obtain the contents of the frustum of a cone? 
How would you obtain the cubic contents of an irregular piece 
f stone? 
How could you obtain the number of gallons contained in a 
wk? 
What is the relation between a pound Troy, a pound avoirdu- 
is, and a pound apothecaries weight ? 
What is the relation between a foot and a centimetre? 
How many litres are equivalent to 10 gallons” 











840 INDEX. 
| Pipe, cast-iron, @P4, €25. 
‘coverings, materials for, $5, 158. 
Moore & White elateh, 52. i. ton 
Morrison suspension boiler furmace.| lead, 
28. tirom, 2. 
Pipes, flow of air in. €2, 63. 
down inclined plane, 9. of steam im, 153-156. 
Newton's laws of, 5. | off water in, 142, 143 
of falling bodies, steam, size and weight of, @9. 











Mud-drum. 164. valves, 309. 
Multiplication by logarithms, 806. Pitch of gears, 50. 
Multipolar dynamos, 604. Plane, inclined, 30. 
Mantz metal, 632. Planimeter 
Plates, boiler, 196, 197, G24, €28, 621. 
NAILs, table of size and weights, 643. brass, 630, 636. 
Net horse-power. 320.510, 534. copper, 630, 631, 636. 
Newton's laws of motion, 5. iron, G24, 686, 623. 


Nitrogen. 15. Pneumatic transmistion of power, 











# 
1 
; 















Pipes. 95. 1 Porter-Allen engine, 440-445. 
Non-conductors, 6657. Ports, steam, 318. 
Nuts and bolts, 639-641. Potential energy, 13, 14 
imal, 25-27. 
Octacos. 510. definition of. 15. 
Ww aud its applications. 672- _horse- (eee also Horse-power), 15. 
measurement, 77-60. 
of locomotives. 352. 
seyearaturs, 78. of steam engines, calculation of, | 
used asa fel. 110, 390, 320-23. 
Oding devices, automatic systems, 7 method of increasing, 485. 





tables of, 324-398. 


Oils a i of waterfalls, 143. 

Ordina’ of windstorms, 125. 

Otto ex: required for electric fans, 31. 
fas AN, for raising water, 145. 

Overs. ied dvnamos, 697. for Sturtevant blowers, 30. 

Oxcrtnaves of a valve. 355, for various pi S31 





Osyy: 





Ms. 





methods of. 31. 
Pneumatic. 55-65. 
Powers of numbers. method of ob 
taining, 781, 906. 
tables of. 731-798. 
Pressure, electric, 660, 683, 664. 
‘witial 510, en 
‘mean eGediee. BNR, 
Terminal, S18. 
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We strength of, 723. 





| Corliss engines, 424-132. 
Corrosion of boilers, 208. 


furnaces and duce, 268, 
gs fr steam-pe, 8,15, 478 


Crab claw, 
Crank-shaft of steam engines, 379, 
‘Crunks and erane-pine, 

of engines, sitting of 487. 

z 


Grosty indicators, 488 
Cross 
Sonn bars rs, 209, 


3, 208, 
crs strengths of moterials, G44, 


‘Onde, 811. 
‘rout, rule for extracting, 781. 
Cubes.and cube roots, tablesof, 7EA-T8, 
Cable measnre (ae also Meastires), BI. 
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adjustable, 364, 

watomintic, 331, 346, 349, 384, 
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Ive, 

riding, S54, 

variable, 381. 

valves, 363, 

Cut-outs, electric, 70, 
Cyaloid gears, 50, 
Cylinder, 817, $12. 

“heads of steum engines, 217, 

lubricator, 73 
Cylinders, steam engine, 317, 350. 


Daxumue battery, O85. 
Doshors, 209, 
Dash-pots, 86. 
Dead Center of euxlinen, 486, 

Plate of boilers, 200, 
Doad-weight mafety valvo, 218. 
Declual equivalents of common fae 

tions of an inch, 780; 

Deflector of boilers, 200. 
Delta metal, 633. 
Diagrauns, indicator (see Indicator). 
Diaphragm plato of boilers, 200. 
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aty of engines, general . 

Dynamometers, 00, ‘704. 

Dynamo regulation, 690, (657, 000, 670, 

Dynamos, dee-70. Agalters for' gas engines, 606, 0, 
compound, 696. Incandeeoont lamps, Teta, 
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multipolar, 604. ing 3 
‘operated in parallel, 706. lighting, 735-745. 
series, 695. ‘Ineters, 
shunt, 695. motor us. 

motors, 745-750. 

Eooxwrzic, steam engine, 318, 377. ‘protective devices for, 748. 
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Eeouomizers, 279, 733. 
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theoretical, 502, ‘bastorien, 780-757. 

Eaieon-Lalande cell, 685. ewitehee, 780-788. 

Edison meter, 621, telephones, 765-773. 
‘S-wire system of electrical distribu- i 

tion, 713. units, 663, 

Efficiency of compressed air motors, 64.| wires, insulated, tables of weights 
of dynamos, 68. and diameters, 725, 726. 
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of electric power transmission, 68. 
of injectors and pumps, relative, 
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of pneumatic power transmission, 
66. 
Ejector, 271. 
Electri¢ acciimulators, 750. 
are lamps, 735-738. 
batteries, 682-688. 
bells, 758-762. 
cables, lead-encased, tables, 727. 
circuit breakers, 71 
conductivity, 665. 
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wiring, 727. 
Electrical experiments, fundamental, 
657-662. 


measurement, 676-682. 
method of power measurement, 7. 
transmission of power, 65-68. 
Electrolysis, 670, 
Electro-magnet, 661. 
Electro-metallurgy, 670. 
Electro-motive force, 663, 684, 671. 
Electro-plating, 671. 
Elements, the six mechanical, 1. 
table of chemical, 612. 
Energy, conservation of, 14. 
definition of, 12. 
forms of, 14. 
sources of, 14. 

Engines, gas and gasoline, 596-611. 
steam (ae Steam-engine), 314. 
Fauations used with formule, 600, 

\ Ether, 85. 
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rotary, 355, 
aety, 2168, ¢ 
tiles for calculation of 20, 22, | NPR 
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Lavine ehh pS nn WEY 
Hotting of, $98. on 


suifting, 572. 
si safety, 218, 
starting, 


throttle, 355. 


‘Vapor, table of pressare aud tempera 
ture wf 197-180, 







Volume of solids, S13, 814. 
‘of steam, 145, 149-11, 


Wastrens table of sizes and weights, 
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coupositim aud properties of, 131, 


consumption of, in engines, 357. 
decomposition af, 134. 

expansion atter Freezing, 182, 133. 
flow af, 13 
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specific cravity 
heat of, 134 
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power needed to mise to vari 
bs eights, 145. 














